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METBIOBS FOR INHlDBinrMG AOTIGEN SFECMC T CELL RESPONSES 

Waric described haein was supported in part by Public Heatth Service Giants 
5 R01-CA31618, R01-CA36725, P01<:A21737, R01-AI34495 and P01-AI35296. The U.S. 
govemmeat Hierefore may have certain rights in this invention. 

Allogendc bone marrow transplantation (BMT) is an efifective treatment for many 

10 hematological malignancies and severe plastic anonia (see e.g., Thomas, EJ>. (1983) J. 
CliTL Oncol 1:517-531; O'Reilly, RJ. et al. (1983) J5/oorfffi:942-964; and Storb, T. et al. 
Semin. Hematol 2:27-34), However, the alloreactivity of T ceDs within the donor bone 
marrow to recipient cells leads to a potentially fetal condition referred to as graft versus host 
disease (GVHD). One thttapeutic approach which has been taken m an attempt to miTitniiy/* 

15 or eliminate GVHD involves admmistration to the transplant recipient of a general 

immuno5U]>pressant» sudi as cyclo^rin A or methotrexate (see e.g., Kq>oor, N. et aL (1989) 
Bone Marrofw Transplant 4:153). Use of sudi agents^ however^ is associated with 
del^mous dde effects, including kidn^ damage and an increased susceptibility to 
infections. Anoaerq)pn>aditakentonmmni2»ordhnu^ 

20 donor bone manowofTcdb in an attempt to remove afloreactiveT cells (see 

P J. al. (1987) Adv. Immunol 4Q:379). While T cell depletion has bem found to reduce flie 
occurrrace of GVHD, fliis treatmemt also reduces fte success of bone marrow CTgrafimenL 
Additionally, depletion of T cells from donor bone marrow used to treat hmiatological 
malignancies reduces flie anti-leukanic activity (also referred to as &e graft versus leukrana 

25 response, or GVL) of flie donor cells (see e.g., Goldman, JM. et al. (1988) Mem. Med 
101:806^14; Marmont, AM. et al. (1991) JB/e>orf28:2120-2130). Thus, i^Afle the presence 
of alloreactive T cells vnMn a bone marrow graft has the detrimental effect of inducing 
GVHD, the presence of at least some T cells wiflim fte graft is bcoe^ 
engrafiment and for anti-leukemic responses. A flierqpytiiat effectively mhibits the 

30 responses of alloreactive T cells witfain donor bone marrow while permitting the contimied 
presence and function of othor T ceDs wiflim the graft would tter^»re be of great advantage 
in &e addres^ng the problem of GVHD while promoting the efiBcacy of bone marrow 
engraftmenl 

The induction of a Tcdl refuse has been ^own to require two signals: a first 
35 signal provided by stimulation through the antigen-spedfic T cell receptor CTCR) on the 

surfece of Ae T cell, and a second signal (tamed a costimulatory signal) provided by ligation 
of one or more oflier T cell surfece recq)tors. Engagement of tiiie TCR alone (Le., signal 1) m 
flie absence of a costimulatory signal ^.e., signal 2) induces a state of imresponsiveness, or 
anergy,mtiieTcdl. A costunulatory signal can be generated in a T cell by sthnulation of 
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the T ceU through a ceU surfece receptor CD28 (Hardiiig, F. A. (1992) Nature 356:607-609). 
Ugands for CD28 have been identified on antigen presenting cells (APCs). CD28 Ugands 
include members of the B7 femily of proteins, such as B7-1(CD80) and B7-2 (CD86) 
(Freedman, A.S. et al. (1987) J. Immunol 0323260-3267; Freeman, GJ. et al. (1989) J. 
5 Immunol m^n4-2722; Freeman, GJ. et al. (1991) J. Eq>. Med 124:625-631; Freeman, 
GJ. et aL (1993) Science 2^:909-911; Azuma, M. et al. (1993)Maftirg 3fifi:76-79; Freeman. 
GJ. et aL (1993) J. Ej^. Med J2a:2185-2192). Additionally, B7 femUy members have been 
saiown to Hnd another surfece recqrtor on T cells rdated to aJ28 tem 

P.S. (1991) J. Eqt. Med 174:561-569; Freeman, GJ. et al. (1993) Science 262:909-91 1). 
10 The characterization ofthe receptors and Kgands involved ill T cell costimulation has 

led to ftCT^)eutic approaches based iqjon induction of antigrai specific T cell 
unresponsiveness by blocking of a costimulatory signal in T ceUs. For example, a CTLA4Ig 
fiision protdn, which binds both B7-1 and B7-2, has been used to inhibit rejection of cardiac 
allografts and pancreatic islet xenografts (see e.g., Turka, LA. et al. (1992) Proc NatL Acad 

15 Sci USA 89, 11102-11105; Lin, H. etal. (1993) J. Eg?. Med J2a:1801-1806; Lenschow,DJ. 
et aL (1992) Science 257, 789-792). Similarly, antibodies reactive with B7-1 and/or B7-2 
have been used to inhilat T cell proliferation and IL-2 production in vitro aod inhibit prhnary 
immune responses to antigen in vivo (Hathcodc K.S. et aL (1993) Sdence 262, 905-907; 
Azuma, M. etaL (1993) JVtoar»3fi&7^79; Powers. GX>. etaL (1994) Cell Immunol 153. 

20 298-311; Chen C. et aL (1994)7. hnmunol 152, 2105-2114). However, effective mefliods 
for inMMting T cdl responses in transplant situations x^ch avoid the need for general 
immunosuppresaon of Ae transplant recipient and overcomes the drawbacks of T cell 
depletion in bone inaiiowtrangdants are stin needed and would have widespread tii^^ 



25 



This invention features improved inefliods for inhiT«ting a T cefl na?i^ 

antigenbyuseofatleast<meagwrti)AichinhiTritsacostimul^ TWs 
invention is based, at least in part, on tiKdiscovetyfliat an inhiTntorofacostimulatorya^ 

30 inT«aiscanbeused6ivflWor*ivftwtoinhiTMtin^)propriateTceUre65)^ 

clinical satuations, such as bone mamw and organ transplantation, as wdl as autoimmune 
disordere and allergic responses. The inhiMtorofa costimulatory signal in T cells is 
preferably an agent which inhibits an an interaction between a receptor on the T cell (e.g.. 
CD28 and/or CrLA4) and a costimulatory molecule (e.g., B7-1 and/or B7-2) on a cell 

35 presenting antigen to the T ceU. Thus, the mhibitor of a costimulatory signal can be, for 
example, an antibody (or ftagment thereof) which binds the recqptor or tiie costimulatory 
molecule, a soluble form of tiie re«^r or costimulatory molecule or a peptide firagment or 
other smaU molecule designed to inhflrit a costimulatory signal in T cdls. A preferred 
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inhibitor is a soluble CrLA4-iimniinoglobulm fusion protein (CTLA4Ig) or an anti-B7-l 
antibocfy or an anti-B7-2 antibo(fy (or both an anti-B7-l and an anti-B7-2 antibody). 

According to mediods of Hie invration, a T cell response is inhibited by contactmg 
the T cell ivith at least one inhibitor of a costimulatory signal in an antigen specific T cell. In 
S particular^ for use in inhibiting graft versus host disease in a bone marrow transplant 

redpient, an agent sudi as a soluble farm or CILA4 or an anti-B7-l or anti-B7-2 antibocfy 

can be used to treat the donor bone marrow 1^0, to fteieby inhi 

to cells expressing recipient alloantigens, prior to administration of the bone marrow to the 

recipienL 

10 In another aspect of tiie invention, an inhibitor of a costimulatoty signal in T cells (or 

first agent) is used in conjunction with at least one second agent which» vAiea combined with 
the first agCTt, inhibits inappropriate T cell responses to antigen in bone marrow or organ 
transplantation, as wdil as autoimmxme (hsoiders and allergic responses. In one embodiment, 
the second agent inhibits adhesion of Ae T cell to a cell presenting antigen to tfie T cell. For 

1 5 example, the second agent can act to inhibit an inta:action between an adhesion molecule on 
die T cell and a ligand for the adhesion molecule on a cell presentmg antigen to the T cell. 
Suitable adhesion molecule and ligands to be targeted for mhibition inchide LFA-1, ICAM-1, 
ICAM-2,ICAM-3,VIA-4,VCAM-1,IJBCAM-1,ELA^ Antibodies (or 

fiagments hereof) that bind tiie adhesion molecule or receptor, or soluble forms of tiie 

20 adhesion molecule or receptor, can be used as flie second agent in flie methods of the 
invention. A preferred second agent is an anti*LFA<-l antibody. 

In another ^bodiment of the invention, an inhibitor of a costimulatory signal in T 
cells is used with a second agent which inhibits gradation of a proliferative signal in die T 
cell, to thereby inhibit T cell responses to antigen. For example, an agent wfaidi inhibits an 

25 interaction between a receptor on tiie T cell and a T cell growth foctor, sudi as interleukin*2 
orinterleukin-4canbeusedwitii,forexany)le,asolublefonnofCTL^^ Tlius, the second 
agent can be an antibody (or fragment fbsxeof) which binds either die recqrtor on the T cell or 
the T cell growttifictor. A preferred second agent for use in the method offte invention is 
an anti-mteiieukm-2 recq>tor ^2R) antibody (or fragment thereof. Alternatively, tiie 

3 0 second agent m^ act intracellulariy to inhibit a proliferative signal in tiie T cdL 

The the above-described agents are particularly useful for inhilnting graft versus host 
disease in a bone marrow transplant recq;>ient in "wfaidi a first agmt whidi inhibits generation 
of a costimulatory signal in a donor T cell (e.g., CTLA4Ig) and a second agent which inhibits 
adhesion of a donor T cell to a cell presenting antigm to the T cell (e.g., an anti-LFA* 1 

35 antibody) are administered to a bone marrow transplant recipient to inhibit donor T cell 
responses to cells expressing recipient alloantigens. Alternatively, a second agent which 
inhibits generation of a proliferative signal in a donor T cell (e.g., an anti-IL^2R antibody) 
can be administered to the redpirat in conjunction with the first agent Inadditionto 
administering the first and second agents to the recipient, donor ceUs (e.g., donor bone 
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marrow) can be contacted with the first and second agents in vitro in the presence of recipient 
cells prior to transplantation of the donor cells into fte recipient Preferably, the donor cells 
are first cultured with recipient cells m vitro as a priming step prior to being contacted with 
fte first and second agesxts. This regime, involving priming of donor cells to redpient 
5 antigens in vitro, fi)llowed racposure of the primed donor cells to tiie first and second 

agents in vitro in the presence of recqn^ cells, followed by administration of fiie donor cells 
to the lec^ient aloi^ with continued treatmmt of fte redpient in vivo witfa first and second 
agents, has been fi)und to be particulariy effective in inhihit^^ 

transplant recipiait Alternatively, donor cells can be contacted with flie first and second 

10 agents in vitro in the presence of recipient cells (preferably followmg preculture with 

recipient cells) and then administered to tiie redpient without fiirther in vivo treatment of the 
redpient witfa the first and second agents. 

The methods of the invention are also useful for mhibiting rejection of other types of 
grafts (e.g., organ or tissue grafts such as heart, kidney, liver, lung, skin, pancreatic islets, 

15 etc.) in a transplant redpient Accordingly, the first and second agents described above can 
be adniinistered to an organ or tissue transplant recipient In addition to administmngflie 
first and second i^ents, donor cells (such as hematopoietic cdls) can also be administered to 
the redpiot as a priming step prior to transplantation of tiie graft. 

Pharmacratical compo^ons suitable for administration are also within the scope of 

20 the invention. In one embodiment, the composition comprises an amount of a himian 

CTLA4-immunoglobulin fusion protein or an anti-human B7-1 or B7-2 antibody (or botii an 
anti-human B7-1 and B7-2 antibody) and an amount of an anti-human LFA-1 antibody in a 
pharmaceutically acceptable carrier. In another ^bodiment, tiie composition comprises an 
amount of a human CTLA4-inmiunoglobulin fiision protein or an anti-human B7-1 or B7-2 

25 antibocfy (or both an anti-human B7-1 and B7-2 antibody) and an amount of an anti-human 
inteEieuk]nr2 recq)tor antibody in a pharmaceutically accqrtaible carrier. 

Anotiier aspect of tiie invention features novel bispedfic molecules having a first 
binding spedfidty for a costimnktory molecule (e.g., B7-1, B7-2, B7-3) or costimnlatory 
receptor (e.g., CrLA4, CD28) and a seccmd bmding spedfidty for an adhesion molecule 

30 (e.g., LFA-1, ICAM-1, ICAM-2, ICAM-3) or growth jBictor receptor (e.g., IL-2R), Such 
molecules can be used in the methods as described herdiL 
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Figure / is a graphic representation of Hie percent survival of bone marrow transplant 
(BMT) recipient mice treated vnih either phosphate bufifered saline (PBS) (control), 
CTLA4Ig alone, CTLA4Ig and anti-IL-2R or CTLA4Ig and anti-LFA-1, using a combined in 
5 vitro md in vivo tieatmentitffmeiL 

Figure 2 is a gr^hic representation of the mean weight in grams of BMT recipient 
mice treated wittdflier PBS (contn>lXCTIA4Ig alone, CniA 
CTLA4Ig and anti-LFA-l, using a combined in vitro and in vivo treatment i^imen. 

Figure 5 is a graphic representation of the percent survival of BMT redpimt mice 
10 treated with dthor PBS (control), CTLA4Ig alone, anti-LFA-1 alone, or CTLA4Ig and anti- 
LFA-1, usmg a combined in vitro and in vivo treatment regimen, or treated with CrLA4Ig 
and aati-LFA-l using an in vivo treatment regimen alone. 

Figure 4 is a gr^hic representation of the mean weight in grams of BMT recipient 
mice treated vnih either PBS (control), CTLA4Ig alone, anti-LFA-1 alone, or CTLA4Ig and 
IS anti-LFA-1, using a combined in vitro and in vivo treatment regimen, or treated with 
CTLA4Ig and anti-LFA-1 iisiiig an ih vrw treatment r^i^ 

Figure 5 is a gjcepbic iqxresentation of ibt perc^ survival of BMT recipirat mice 
treated with eidier PBS (controQ or CTLA4I6 + anti-LFA- 1 , uang a combmed in vitro and 
m vivo treatment le^men, i^^erdn donor cdls weie dtfaer primed or not primed with 
20 recq[)ient cells prior to in vitro treatmrat 

Figure d is a graphic representation of the mean weight in grams of BMT recipient 
mice treated with either PBS (control) or CTLA4Ig and anti-LFA-1, usmg a combined in 
vitro and in vivo treatment r^im^ wherem donor cells were eitiher primed or not primed 
with redpirat cells prior to in vitro treatment 
25 Figure 7 is a gr^hic representation of the percent survival of BMT recQ>ient mice 

treated with ei&er PBS (control), CTLA4Ig alone, CTLA4Ig and anti-IL-2R or CTLA4Ig and 
anti-LFA-1 , udng a annlrined in vitro and in vivo treatment r^meo, or treated wifli 
CTLA4Ig and anti-IL-2R in vitro and CTLA4Ig alone in vivo. 

Figure ^ is a grqdiic lepresmtadon of the mean weight in grams of BMT redpent 
30 mice treated with dflier PBS (control), CTLA4Ig alone, CTLA4Ig and anti-ILr2R or 
CTLA4Ig and anti-LFA-1, using a combined in vitro and in vivo treatment regimen, or 
treated with CTLA4Ig and anti-ILr2R in vitro and CTLA4Ig alone in vivo. 

Figure P is a graphic representation of the percent survival of BMT recipient mice 
which received dther untreated donor cells (control) or donor ceils treated in vitro vnih dther 
35 CTLA4Ig alone or paraformaldehyde fixed recipirat cells. 

Figure 10 is a gr^Uc representation of the percent survival of alloreactive T cell 
recipient mice treated with dther PBS (control), anti-B7-l antibody, anti-B7-2 antibody, a 
combination of anti-B7-l and anti-B7-2 antibodies, or CTLA4Ig. 
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Figure 11 isagr^hicrqveseatationofthepercentsumvalofaUoi^ 
recipient mice treated with either PBS (controlX anti-IFN-y* anti-IL12, or with a combination 
of anti-B7-l and anti-B7-2 antibodies. 

Figure 12 is a graphic representation of the percent survival of alloreacdve T cell 
5 redpient mice treated with ei^ PBS (control), a combination of anti-B7*l and anti-B7-2 
antibodies, hCTLA4Ig, Rapamydn, mIL-10, IL-12, a combination of anti-CD2 and anti- 
QMS antibodies, or anti-gp39 antibody. 

Figure 13 is a graphic represmtation of tlie percent survival of BMT recipient mice 
treated with anti-ICAM-2 antiboity, anti-gp39 or an anti-LFA-1 antibody, or in whidi the 
10 BMT was first depleted of NK cells by treatment with anti-NKLl antibo(fy and complement 
(anti-NKLl + complement). 

This invention features methods for inhibiting antigen specific T cell responses in 
15 i^o and/or in vrvo by use of at least one agent ^(^h^ 

cells alone, or in combmation widi a second agent vdudi &&sr inhibits adhesion of flie T cell 
to a ceil presentiog antigen to tiie T ceU or inhibits generation of a proliferative signal in the T 
cdL Asusedherdai,fteplu:ase"inhit»ting€nr^^ 

reduction in or substantial elimination of at least one T cell response, sudi as T cell 

20 proliferation, lymphokine secretion or induction of an efTector function (e.g., induction of 
c^toxic T cell activity or antibody production by B cells), upon ejcposure of the T cell to an 
antigen. The phrase "^inhibiting or inhibition of a T cell response" is intended to encompass 
siq>pression of the response of a T cell to an antigen as well as induction of unresponsive in 
the TceU to the antigen, also referred to herdn as induction ofanorgy in the T cell. ATcell 

25 wMdi has been rendered unreq)onsh/e, or anezgic» to a specific antigen exhibits substantially 
reduced or eliminated responses (e.g^ proliferation and/or lymphokine production) vpm 
reeaqxisure to the antigen. In one embodiment oftiie invention, the respcmseofa donor T cell 
to alloantigens is mhilrited to reduce or substantially elimmatc graft veisus host disease in a 
bone marrow transplant redpient In anotiier embodiment, the response of a redpent T cell 

30 to alloantigens is mhibited to reduce or substantially diminate rejection of a dcmor graft (e.g., 
transplanted cells, tissue or organ). 

To inhibit a T cell response to an antigen according to the methods of the invention, a 
T cell is contacted vyith-at least one inhibitor of a costimiilatory signal in the T cell alone, or 
in conjunction with another agent An "^inhibitor of a costimulatoiy signal** or an "agent 

35 which inhibits generation of a costimulatory signal" interferes with, blodcs or substantially 
eliminates formation of or deliveiy of a second signal in the T cell which, together witii a 
first, antigen specific, signal mediated through the TCR/CD3 conq>lex, is necessary to induce 
an antigen specific response by the Tcdl. Typically, this second or costimulatory signal is 
me d i ated Ir^ aT cell sui&cerecqitor sudi as CD28 and/or CTLA4 (or rdated molecule) 
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upon interaction with a Kgand sudi as B7-1 and/or B7-2, (or related molecule, e.g., B7-3) on 
a cdl presenting antigen to the T cell (e.g., on a B cell, on a "professional" antigen-presmting 
cell, or APC, sudi as a monocyte^nacrophage, dradritic cell or Langofaans cell, or another 
cell t^e which can present antigen to a T cell, such as a keratinocyte, endothelial cell, 
5 astrocyte, fibroblast or oligodendroc^). An altenmtive example of a costimulatoiy 
molecule is heat stable^gen (HSA) (Liu, Y. et al. (1992) Eur. J. Immunol 22, 2855). 
Ligands such as B7-1 , B7-2 or HSA which trigger a costimulatory ^gnal in a T cell through a 
T cell sur&ce receptor (e.g., CD28) are collectively refored to hsKm as "costimulatory 
molecules". T cell sur&ce receptors to \^ch such costimulatory molecules bind (e.g^ 

10 CD28, CTLA4) are collectively referred to herein as "costimulatory receptors". 

Accordingly, m one embodiment of the invention, an inhibitor of a costimulatory 
signal in a T cell is an agent which inhibits an interaction between a receptor on the T cell 
and a costimulatory molecule on a cell presenting antigen to the T cell. This type of agent, 
also referred to herein as a "costimulatory blocking agent" can be a soluble form of the 

15 receptor on the T cell (or a related recqitor on the T cell which similar bindmg specificity), a 
soluble form of tiie costimulatory molecule(5X or an antibody (or fiagment tiioeof) ^cfa 
binds to dtiier the recqrtor or tiie costimulatory molecule* A pr efe rred ftnjg rimiil^tnf y 
inhibitor is a CTLA4-xnmu]nog3obulin fusion protdn (CTLA4Ig), a soluble fi>rm of tiie 
(niA4recqitor cm T cells vidiicb hinds to both B7-1 and B7 Inanotiieranbodmim^tiie 

20 costimulatoiy inhibitor acts intracellular^ to inhibit generation of or ddiveiy of a 

costimulatory ^gnal in a T cell by a 0028- and/or CTLA4-associated dgnal transduction 
pathway. 

In addition to use of an inhilntor of a costimulatory signal to inhibit inappropriate T 
cell responses to antigen, a second agent vAnch inhibits anotiier T cell fimction can be used. 

25 In one embodiment, the second agent inhibits adhesion of tiie T cell to a cell presenting 
antigen to tile T cell. Prefisiably, this second agent inhibits an interaction between an 
adhesion molecule on a T cell and a ligand for the adhesion molecule on a cell presentiog 
antigen to the T cell (such as the cell types discussed above). The term ''adhesion molecule" 
as used herein refers to a molecule on the surfiice of a cell whose primary, or predomhiaat, 

3 0 fimction is to increase tiie strengtii or avidity of tiie interaction of tiie cell with another oeU 
(eg., tiie interaction between a T cell and an APQ. Accordingly, a "ligand for an adhedon 
molecule" can also be considered as an adhesion molecule (Le., tiie second agent can inhibit 
an interaction betwera two adhesion molecules, one on a T cell and the other on a cell 
presentmg antigen to the T cell). It is possible that an adhesion molecule, or ligand therefor, 

35 may serve an additional fimction(s) (eg., a signalling fimction). Examples of &milies of 
adhesion molecules include int^rins and selectins. In a preferred ^bodiment, tiie second 
agent used to inhibit a T cell response interferes an interaction between the integrin U^A-l 
and its ligand(s) ICAM-1, ICAM-2 and/or ICAM-3. Alternatively, tiie second agent may 
intodfere witii tiie activity of otiier adhesion molecules such as CD49 a, b, c, d, e and/or f or 
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equivalents (e.g^ VLA-1, VLA-2, VLA-3, VLA-4, VLA-5, VLA-6) CD29 (fibronectin 
receptor; int^rin beta I diainX CD43 (Imkosialm), CD48 (an additional LFA-1 ligand), 
VCAM-1 (a VLA-4 Kgand), CD52 (CAMPAIH), CD56 (N-CAM), CD59, CD61 (beta chain 
of VNR; in^rin beta 3 chain), CD62P (P-sdectin), LECAM-1 (L-sdectin or Md-14), 
5 ELAM-1 (E-sdectinX CD44 (also called fgp-l), GDI 03 (HML-1; int^rin aE subonit), 
CD104 Ontegtin beta 4 diainX and gp39 (for discusaons of adhedon molecules see 
Janew^, C. et al. (1999) Qirr. Opin. hmmmcl 2:313-323; Mobl^, JX. (1993) Seimn. 
bnmunoL.SP27'236; Patel, DJ>. et aL (1993) &mza Immunol 1:283-292; Rosoi, S J), et al. 
(1993) Semin. Immunol. 5-.237-247; and Picker, LJ. and Butcher, E.C. {1992) Arm. Rev. 

1 0 hnmmoL 111:561-592). Inhibiting the binding ability of adhesion molecules on endothelial 
cells may be useful since endothelial cells are targets of GVHD (e.g., lung and liver) and of 
organ graft rejection (e.g., lung, liver, cardiac and kidney tissues include ^otiielial cells). 
The adhesion bloddng agent can be, for example, a soluble form of the adhesion molecule or 
ligand for the adhesion molecule, an antibody (or fi:agment thereof) wiiich Innds eitho: the 

1 5 adhesion molecule ot the ligand for tte adheaon molecule, or d peptide, peptide xninietic or 
other form of small soluble molecule (e*g^ drug) that inhibits an intraaction between an 
adhesion molecule and a ligand &mfor. A preferred second agent is an anti-Ii^A-1 
antibody, or fiagment tiiei:eo£ 

In another embodimot of fte invention, inhibition of inappropriate T cell responses 

20 is accomplidied by use of an inhibitor of a costunulatoiy signal together vAfti a second agent 
which inhibits genoation of or delivery of a proliferative signal in the T cell. An ''agent 
which inhibits genoation of aproliferative signal in a T cell" interferes wifli formation of or 
delivery of an intracellular signal assodated with tiie interaction of a T cell growth &ctor 
withagrowdi&ctorrecq)torontiieTcell. Accordingly, in one ^bodiment, the second 

25 agent inhibits an interaction between a receptor on a T cell and T cell growth fiictor. 
Preferably, die second agent inhibits an interaction between tiie T cell giDwdi fiictor 
interieukin-2CDL^2)andaninterleidm Alternatively, the 

activity of other T cell growtih &ctois and/or tiidr receptors can be targeted for inhibitioiu 
Other interleuldns involved in stimulation of T cells include interleukin-'la, interiraldn-lp, 

30 interleukiiH2, interleuldnr4, interieiikin-6, interleukm-7, intaieuIdn-9, interleukin-10, 
interleuIdn-12, interleukin-I5 and interieukin-T. Additionally, interferon a, p and y, and 
tumor necrosis foctor a and p, have T cell stimulatory capacity. Accordingly, Aese 
ctyokines, or receptors therefor, can be targeted for inhibition. In one embodiment, the 
second agent is an antibody (or fragment thereof) which binds either to a T cell growdi fector 

35 or to a growth &ctor receptor on a T cell. A prefoied second agent is an anti-IL-2R 

antibody, or fragment thereof In another embodiment, the second agmt acts intracellularly 
to inhibit generation of a proliferative signal in a T cell. 
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Based upon the results obsaved with the second agents described above, other agents 
which inhibit o&er sur&ce molecules involved in T cell interactions and/or T cell activation 
can be used m coigunction vnOi a costimulation mhibitoiy agent to hihibit a T cell response. 
Hiese and other embodimrals of the invention are described in fmtiier detail in the 
S following subsections: 

L Agents for Inhibiting a T Cefl Response 

A. AntiboiSes 

10 In one embodiment of flie invoition, an agent used to inhibit an antigen specific T ceU 

response can be an antibody (or firagmrat thereof). Antibodies suitable for use in the methods 
of flie invention are available in the art (e.g., firom the American Type Culture Collection, 
Rockville, MD, or commercially, eg., firom Becton-IMddnson or Immunotedi) or can be 
prepared by standard techniques for making antibodies. The term "antibody" as used herein 

IS refers to immunoglobulin molecules and immunologically active portions of immunoglobulin 
molecules, i.e.» molecules that contain an antigm bindmg site i^idiich spedfically binds 
(immunoreacts with) an antigen. Structurally, the simplest naturally occurring antibody (e.g., 
IgG) comprises four polypqrtide chams, two heavy (H) chains and two light (L) chains inter- 
coimected by disulfide bonds. Ithasbemsfaawnfiiat1heanti^n4>indmgfimctionof an 

20 antibody can be performed by fiagments of a natnraUyK>ccuniiigantibo^. HuiSytfaese 
antigen4>inding fi:agments are also intended to be designated by the term "antibody". 
Examples of binding fiagmrats encompassed within the tsim antibody include 0) an Fab 
fiagment consistmg of the VL, VH, CL and CHI domams; Qi) an Fd firagment consisting of 
the VH and CHI domains; ^ii) an Fv firagment consisting of the VL and VH domams of a 

25 single arm of an antibo^, Qv) a dAb firagment (Ward et al., (1 989) Nature 341:544-546 ) 
i»diich consists of a VH domain; (v) an isolated coniplimentarily determining region (CDR); 
and (vi) an F(ab')2 fi:agment, a bivalent fi:agment comprismg two Fab ficagments linked by a 
disulfide bridge at the hiiigei^on. Antibodies can be fingmented uang conventional 
techniques and the fi:agments screened fi[xr utility in the samemanner as described fi>r vAole 

30 antibodies. The tenn"aiitibody" is fiirtfaer intended to mcludelnqped^ . 
molecules having an antigen bindmg portion. Furthermore, although tiie two domains of an 
Fv fi:agment are coded for by separate genes, a synthetic linker can be made that enables them 
to be made as a smgle protein chain (known as single cham Fv (scFv); Bud et al. (1988) 
Science 2^:423-426; and Huston et al. (1988) PJV[45M:5879-5883) by recombmant 

35 methods. Such single diain antibodies are also encompassed widiin the temi"antib^ 

To prq>are an antibocfy specific for a molecule to be targeted in the method of tiie 
invention (e.g., a costimulatory molecule, an adhesion molecule, a growtii &ctor receptor, 
etc), an animal is immunized with an appropriate inununogen. The term "immunogen" is 
used herein to describe a composition typically containing a protein or peptide as an active 
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ingredient used for the preparation of antibodies a It is to be 

understood fliat fhe protein or peptide can be used alone, or linked to a canier as a conjugate, 
orasapqytidepolymer. llie imniunogen should contain an effecdve, inmunoge^ 
of tiie pqptide or protdn (optionally as a conjugate linked to a carrier). The effective amount 
5 of the immunogen par unit dose depends on, among other things, the spedes of animal 
inoculated, Hxe body iweight of die animal and the chosen inununizadon regimen, as is well 
knowninlheart TheimmunogenprqmrationiwiUtypicaUy ccmtampqiti^ 
of about 10 micrograms to about 500 milligrams per immunization dose, preferably about 50 
miax>grams to about 50 milligrams per dose. An immunization preparation can also include 

10 an adjuvant as part of the diluent Adjuvants sudi as complete Freund's adjuvant (CFA), 
incomplete Freund's adjuvant QFA) and alimi are materials well known in the art, and are 
available conmiercially firom several sources. 

Either soluble or monbrane bound protein or peptide firagmoits are suitable for use as 
animmunogen. A purified form ofprotein,sudi as may be isolated fix>m a natural source or 

1 5 expressed recombinandy 1^ convendonal tedmi ques known in the art, can be directly used as 
animmunogen. Those ^kiDed in the art wiUappredate that, instead of 
occurring forms of piotrai for innnunization, synthetic peptides can alternatively be 
employed towanisiTdiidi antibodies can be raised for use in this invention Thepurified 
protdn can also be covalendy or noncovalendy modiiSed with non-proteiimceous materials 

20 su(^ as Mpids or caifoobydrates to enhance inmnmogenidty or solubility. Alternatively, a 
purified protdn can be coupled with or incorporated into a viral particle, a replicatmg virus, 
or odier microorganism in ord&c to enhance immunogenicity. It is also possible to immunize 
an animal widi ^^lole cells \^ch express a protein on their sur&ce against whidi an 
antibody is to be raised (eg., T cells or antigen presenting cells e?cpressmg sur&ce molecules 

25 ofinlerestcanbeusedasimmunogens). As yet anodieraltmiative, it is possible to use 

nuddc add (eg., DNA) encoding die protdn or pq)tide of interest as an inununpgm for so- 
called genedc immunization. Thus, the tenn"inmiuiiogen" is also intended to mclude nucleic 
add encoding a protdn or peptide gainst i^di antibodies are to be raised (see e.g.. Tang, 
D.C et al. (1992) Nature 22£:152-154; Eisehbraun, MJD. et aL (1993) DNA CdlBioL 

30 12:791-797; Waiig, B. et al. (1993) DNA CeU BioL 12:799-805 for descriptions of genetic 
immunization). 

Polyclonal antibodies are generally raised in ammals by multiple subcutaneous (sc) or 
intraperitoneal Qp) injections of an immunogen and an adjuvant As an illustrative 
embodiment, animals are typically immunized against a protein, peptide or derivative by 
35 combining about 1 ^ to 1 mg of protein with Freund's complete adjuvant and injecting the 
solution intradennally at multiple sites. One month later the animals are boosted witii 1/5 to 
1/10 the original amount of immunogen in Freund's complete adjuvant (or other suitable 
adjuvant) by subcutaneous iigection at multiple sites. Seven to 14 da^ later, tiie animals are 
bled and tiie serum is ass^ed for spedfic antibody tit^ (e.g., by EUSA). Ammals are 
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boosted imtfl the titer plateaus* Also, aggregating agents sudii as alum can be used to enhance 
the inunune xespoDX, 

Such mammalian-pioduced populations of antibody molecules aie referred to as 
"polyclonal" because the population comprises antibodies vdtii differing immunospcirfluties 
5 andafGnitiesfortheimmunogen. The antibody molecules axe tiiencoUectedfixmi vhc. 
mammal (e.g^ firom the blood) and isolated by well known techniques, sudi as psrotein A 
chromatogr^hy, to obtain the IgG fiaction. To enhance tiie spedfidty of the antibody, tiie 
antibodies may be purified by immunoafi5nity dnomatogr^hy using solid phase-afiBxed 
immunogen. The antibody is contacted with the solid phase-afiBxed immunogen for a period 

1 0 of time sufficient for the immunogen to immunoreact with the antibody molecules to form a 
solid phase-affixed immunocomplex. The bound antibodies are sqiamted fi:om tiie comply 
by standard techniques* 

The tenn "monoclonal antibody" or "monoclonal antibody composition", as used 
ha:ein, refers to a population of antibody molecules that contain only one species of an 

IS antigen binding site. Amonoclonalantibody composition tiiust^ically displays a single 
binding affinity for a particular protdn witii i^ch it inununoreacts. Monoclonal antibodies 
can be prepared using a tedmique vAdck provides for tiie production of antibody molecules 
by continuous cell lines in culture. These include but are not limited to the hybridoma 
technique origmalty described by KoUar and MOsteni (1975, Nature 256:495-497; see also 

20 Brownetal.(1981)^/mm«wa/m:539.46;Brownet (1980) JjBio/CAew 255:4980-83; 
Yeh et al. (1976) iW^ 26:2927-3 1; and Yeh et al. (1982) Int. J. Cancer 23:269-15) and tiie 
more recent human B cell hybridoma technique (Kozbor et al. (1983) Mmtmol Today 4:72), 
EBV-hybridoma technique (Cole et al! (1985), Monoclonal Antibodies and Cancer Therq >v. 
Alan R. Liss, Inc., pp. 77-96), and trioma techniques. 

25 Thus, a monoclonal antibody can be produced by the following method, whidi 

ccmqnises the steps of: 

(a) Immunizmg an animal witii a protdn (or peptide thereoQ^ Theimmumzationis 
Qrpically accomplished by administering the immunogoi to an immunologically competent 
mammal in an immunolo^cally efifective amount, Le., an amount sufiBcient to produce an 

30 immune response. Preferably, tiie mammal is a rodent such as a rabbi^ rat or mouse. The 
mammal is then maintained for a time period sufGdent for the mammal to generate high 
afSnity antibody molecules. Antibody production is detected by screening tiie serum fiom 
the mammal with a preparation of the imTniinngen pmt^in. These screening methods are well 
known to those of skill in the art, e.g., enzyme-linked hnmunosorbent assay (EUSA) and/or 

35 ilowc^metiy. 

(b) A suspension of antibo^-produdng cells removed fiom each immunized Tnammal 
secreting the desired antibody is then prepared. After a sufBdent time, tiie animal (e.g., 
mouse) is sacrificed and somatic antibody-producing lymphoqrtes are obtained. Antibody- 
producing cells may be derived fiom the lymph nodes, spleras and peripheral blood of 
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primed animals. Spleen cells are preferred, and can be mechanically separated into individual 
cells in a physiologically tolerable medium using methods well known in the art Mouse 
lymphocytes give a higher percentage of stable fuaons with the mouse myelomas described 
below. Rat, rabbit and fiog somatic cells can also be used. The spleen cell chromosomes 
S encoding desired unmunoglobulins are immortalized by fiismg the spleen cells wifh myeloma 
cdls^genexaUy in die presence ofafustiig agent such as polyethylene glyc^^ Any of a 

number of myeloma cell lines may be used as a fusion partner according to standard 
techniques; for example, the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma 
lines. These myeloma lines are available fiom the American Type Culture Collection 

10 (ATCC),Rockville,Md. 

The resulting cells, vMch include the desired hybridomas, are then grown in a 
selective medium, such as HAT medium, in which unfiised parental myeloma or lymphocyte 
ceUs eventually die. Only fte hybridoma cells survive and can be grown under limiting 
dilution conditions to obtain isolated clmes. The siq)ematants of the hybridomas are 

IS screened for the presence of antibody of the desured specifidty, e.g., by hnmunoassay 

techniques using the antigen that has been used for immunization. Positive clones can then 
be subdoned under limiting dilution conditions and the monoclonal antibody produced can 
be isolated. Various conventional metiiods exist fi>r isolation and purification of the 
monoclonal antibodies so as to firee tiiem fiom other proteins and otfa^ contaminants. 

20 Commonly used mediods for purifying monoclonal antibodies include ammonium sul&te 
precipitation, ion exchange chromatography, and a£Gnity chromatogr^hy (see, e.g., Zola et 
al. in Monoclonal Hvbridoma Antibodies: Techniques And Applications. Hurell (ed.) pp. 51- 
52 (CRC Press 1982)). Hybridomas produced according to tiiese methods can be propagated 
in vitro or in vivo (in ascites fiuid) using techniques known in the art 

25 Generally, the individual cell line may be propagated in vitro^ for example in 

laboiatoiy culture vessds, and the culture medium ccmtauiing higih conceatrations of a smgle 
^pedGc monoclonal antibody can be harvested by decantation, filtration or centrifiigation. 
Alternatively, tiie yield of monoclonal antibody can be enhanced by iigecting a sample of die 
hybridoma into a histocompatible animal of the typ^ used to provide die somatic and 

30 myeloma cells for the original fiision. Tumors secreting the specific monoclonal antibody 
produced by the fused cell hybrid develop in the injected animal. The body fluids of the 
animal, such as ascites fluid or serum, provide monoclonal antibodies in high concentrations. 
When human hybridomas or EBV-hybridomas are used, it is necessary to avoid rejection of 
the xenograft injected into animals sudi as mice. Immunodefident or nude mice may be used 

35 or the Iqrbridoma may be passaged first into irradiated nude mice as a solid subcutaneous 
tumor, cultured in vitro and tiien injected intrq>eritoneally into pristane primed, irradiated 
nude mice which develqp asdtes tumors secreting large amounts of specific human 
moiU)clonaI antibodies. 
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Me£a and animals us^iil for tbe preparation of tiiese compositions are both well 
known in the art and conmierdally available and include synthetic culture media, inbred mice 
and the like. An exen^larysynthedcmedimn is Dulbecco's minimal essential med^ 
(DMEM; Dulbecco et al. (1959) ViroL 8:396) supplemented with 4,5 gm/1 glucose, 20 mM 
5 glutanune, and 20% fetal caf serum. An exraiplary inbred mouse strain is fteBalb/c. 

V/bsn antibodies produced in non-jiuman subjects are used fterapeutically in humans, 
they are recognized to varying degrees as foreign and an immiine regpnnse may b^ gfliifratffd 
in the patient One approach for minimizing or eliminating tiiis problem, which is preferable 
to general immunosuppression, is to produce chimeric antibotfy derivatives, i.e., antibody 

1 0 molecules that combine a non-human animal variable region and a human constant region. 
Such antibodies are the equivalents of the monoclonal and polyclonal antibodies described 
above, but may be less immunogenic vfbisa administered to humans, and therefore more 
likely to be tolerated by the patient 

Cliimeric mouse-human monoclonal antibodies (i.e., chimeric antibodies) can be 

15 produced by recombinant DNAtedmiqpies known ii]^e art For example, a gene encoding 
the constant region of a murine (or other species) monoclonal antibody molecule is 
substituted with a gene encoding a human constant region, (see Rolnnson et at, Ibtmiational 
Patent Publication PCr/US86/Q226^, Akira, et al., European Patent Application 184,187; 
Taniguchi, M., European F^tmt Application 171,496; Morrison et at, European Patent 

20 AppUcation 173,494; Neuberger et aL, PCX Application WO 86/01533; Cabilly et al. 

Patent No. 4,816,567; Cabilly et al., European Patent plication 125,023; Better et al. (1988 
Science 240:1041-1043); Uu et al. (1987) PJV^.45M:3439-3443; Liu et al. (1987) J. ImmunoL 
139:3521-3526; Sun et al. (1987) iW^M:214-218; Nishimura et al. (1987) Cana Res. 
42:999-1005; Wood et al. (1985) Nature 214:446-449; and Shaw et al. (1988) J. Natl Cancer 

25 Inst. fiQ:1553-1559). 

A chimeric antibody can be iurdier "humanized" by replacing portions of &e variable 
region not involved in antigen billing with equivalent portions fiom human variable regions. 
General revieivsof"humanized"chinaieric antibodies are pro S.L*(1985) 
Science ^:1202-1207 and by Oi et al. (1986) BioTechmques 4:214. Ihose mediods 

30 indude isolatii^ manipulating, and expressing flie nucldc add sequences fliat encode all or 
part of an immimoglobulin variable r^on fiom at least one of a heavy or ligiht diain. 
Sources of sudi nucleic add are well known to ftose dolled in the art and, for example, may 
be obtained fiom an anti-CTLA4 antibody producing hybridoma. The d>NA encoding the 
chimoic antibody, or fiagment tiiereof, can then be cloned into an ^ipropriate expression 

35 vector. Suitable ''humanized" antibodies can be dteniatively produced by CDR or 

substitution (see U.S. Patent 5^,539 to Winter, Jones et al. (1986) Nature 321:552-525; 
Verhoeyan et al. (1 988) Science 239:1534; and Bddler et al. (1988) J. Immunol 141:4053- 
4060). 
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As an alternative to humanizing an mAb fix)m a mouse or other species, ahuman 
mAb directed against a human protein can be generated. Transgenic mice carrying human 
antibody repertoires have been created which can be immunized with human protein or 
peptide immunogen« Splenoeytes fiom these immunized transgmic mice can thm be used to 
5 create hybridomas that secrete human mAbs specifically reactive with the human protdn 
(see, e.g.. Wood et al. PCX publication WO 91/00906, Kuchedapati et al. PCT publication 
WO 91/10741; Lonberg et al- PCT publicatian WO 92/03918; Kay et al. PCT publication 
92/03917; Lonberg, N. et al. (1994) Nature 368:856-859: Green, LX. et al. (1994) Nature 
Genet. 2:13-21; Morrison, SX. et al. (1994) Proc. Natl Acad Set USA 31:6851-6855; 

10 Bruggeman et al. (1993) Year Immunol 23^40^ Tuaillon et al. (1993) iWi45 90:3720-3724; 
Bruggeman et al. (1991) £iirJ/w/m//io/ 21:1323-1326; and ). 

Monoclonal antibodies can also be produced by otfa^ mediods well known to those 
skilled in the art of recombinant DNA technology. An alternative method, referred to as the 
"combinatorial antibody display** method, has been developed to identify and isolate antibody 

15 fragments having a particular antigen specificity, and can be utilized to produce monodonal 
antibodies (for desmpticms of combmatonal antibo^ display see e.g., Sastry et aL (1989) 
PNASM:Smi Huse et al. (1989) Science 24fi:1275; and Qrlandi et aL (1989) PNAS 
M:3833). After immuniTing an aniinal with an iimnunogen as described abo^ 
reportoue of the resulting B-cell pool is doned. Methods are generally known for directly 

20 obtaining the DNA sequence of the variable regions of a diverse population of 

immunoglobulin molecules by using a mixture of oligomer primers and PGR. For instance, 
mixed oligonucleotide primers corresponding to the 5* leader (signal peptide) sequences 
and/or fiamework 1 (FRl) sequences, as well as prim^ to a conserved 3* constant region 
pruner can be used for PGR amplification of the heavy and light chain variable regions fit>m 

25 a number of murine antibodies (Larric^etaL (1991) ^/o/ecAm^ziey 11:152-156). Asimilar 
strategy can also been used to amplify human heavy and li^tdiam variable regions fitim 
human antibodies (Larridc et aL (1991) Methods: Conpanion to Methods in Ensymology 
2:106-110). 

As an illustrative embodiment, RNA is isolated finom activated B cells oj^ for 
30 example, peripheral blood cells, bone marrow, or spleen preparations, using standard 

protocols (e.g., U.S. Patent No. 4,683,202; Qrlandi, et al. PNAS (1989) M:3833-3837; Sastry 
et al., PNAS (1989) M:5728-5732; and Huse et al. (1989) Science 246:1275-1281.) First- 
strand cDNA is synthesized using primers specific for the constant region of the heavy 
chain(s) and each of the k and X light chains, as well as primers for the signal sequrace. 
35 Using variable region PGR primers, tiie variable regions of both heavy and light chains are 
amplified, each alone or in combination, and ligated into appropriate vectors for fiirther 
manipulation in generating the display i^dcages. Oligonucleotide primers useful in 
amplification protocols may be unique or degenerate or incorporate inosine at degenerate 
po^ons. Restriction endonuclease recognition sequences may also be incorporated into the 
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primers to allow for the cloning of &e amplified fragment into a vector in a predetermined 
reading fiame for ocpres^on. 

The V-gene library cloned fit>m fhe immunization-^lerived antibody rq)ertoire can be 
esqxressed a population of displ^ packages, preferably derived from filamentous phage, to 

5 form an antiboify display liteary. Ideally, 1hediq)lay package comprises a system tiiat allows 
the saTppling of very large diverse antibody display libraries, nq>id sorting after each affinity 
separation round, and easy isolation of Ihe antibod/ gene firan purified display packages. In 
addition to commmially available kits for generating phage display libraries (e.g., the 
Pharmacia Recontbhtant Phage Antibody System^ catalog no. 27-9400-01 ; and the Stratagene 

10 SurfZAP^ phage display kit, catalog no. 240612), cxaxxxplcs of methods and reagents 

particularly amenable for use in genaratmg a variegated antibody display library can be found 
in, for example, Ladner et al. U.S. Patent No. 5;223,409; Kang et al. International Publication 
No. WO 92/18619; Dower et al. International PubHcationNo. WO 91/17271; Wmter et al. 
International Publication WO 92/20791 ; Maridand et al. International Publicatian No. WO 

15 92/15679; Breitlmg et al. International Publication WO 93/01288; McCafiferty et al. 

International Publication No. WO 92/01047; Garrard dt aL Intemational Publication No. WO 
92/09690; Ladner et aL International Publication No. WO 90/02809; Fudis et al. (1991) 
Bio/Techwlogy 2:1370-1372; Hay et aL {1992) Hum AntilHfdIfybridonias2;^l'S5; Huse et 
aL (1989) Science 246:1275-1281: GiiflBhs et aL (1993)\Ea4»0 J12:725-734; Hawkins et aL 

20 (1992) JMoI Biol 22fi:889-896; Clackson et al. (1991) Nature 252:624-628; Gram et al. 

(1992) i>AM552:3576-3580; Garrad et aL (1991) Bio/Technology 2:1373-1377; Hoogenboom 
et al. (1991) Nuc Acid Res 12:4133-4137; and Bari>as et al. (1991) PJ«^M:7978.7982. 

Once displayed on the surfece of a display package (eg., filamentous phage), the 
antibody library is screened witib a protein, or peptide ftagmcnt thereof to identify and isolate 

25 packages that raqiress an antibody haviiig specificity fertile protdri. Nucleic add encoding 
the selected antibody can be recova:ed fiom the display package (e.g., from the phage 
genome) and subdoned into other eaqpression vectors by standard recombinant DNA 
techniques. 

In another embodiment of the phage display library screening approadi, the V i^on 
30 domains of heavy and light diams are expressed on the same polypeptide, joined hy a flexible 
Imker to form a ^gle-diam Fv fiagment, and tiie scFV gene is subsequently cloned into the 
desired esqiression vector or phage genome. As gena:aliy described in McCafferty et al.. 
Nature (1990) Mi:552-554, complete Vji and Vl domams of an antibody, joined by a 
flexible (Gly4-S»)3 linker can be used to produce a smgle chain antibody \^di can rendo: 
35 tiie display package separable l»sed on antigen affinity. Isolated scFV antibodies 
irmnunoreactive with a particular antigm can subsequently be formulated into a 
pharmaceutical prq>aration for nse in the subject metiiod. 
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B. Soluble Proteins and Fission Proteins 

In another embodimrat of the invention, an agent used to inhibit a T cell response is a 
soluble form of a molecule on the sor&ce of a T cell (e.g., a costimulatory receptor, growth 
&ctor lecqitor or adhesion molecule) or a molecule on die surface of a cell which presents 
5 antigen to the T cell (e.g^ a costimulatory molecule or adhesion molecule). This soluble 
protein is capable of inhibiting an interaction betwem tiie sur&ce form of &e inolecule and 
its ligand(s) (and/or inhibiting an intoaction between a related surface molecule having 
dmilar binding specificity and its ligand (s)). For example, soluble forms of CTLA4, B7-1 
and or B7-2 can be used. A preferred first agent for use in the described methods is a soluble 
10 form of a CTLA4 molecule (in particular, a ClLA4-hnmunoglobulin fiision protein) whidi 
binds to both B7-1 and B7-2, and can inhibit the interaction of B7-1 and B7-2 with CD28 
and/or CTLA4. 

Soluble forms of sur&ce-bound proteins can be made using standard recombinant 
DNA and protein expression techniques known in fhe art Nucldc add comprising a 

IS nucleotide sequence encoding tiie extracellular domain (or portion fh«:eoO of a surfece- 
bound protein of interest ^e., lacking tiie nucleotide sequence of the transmmbrane and 
(^toplasmic domains) can be isolated and cloned into a standard expressicm vector, dthm^ for 
expres^oninprokaryoticorrakaryoticcells. The expresdon vector is introduced into an 
appropriate host cell (e.g.9 K coli for prokaiyotic esqiression; yeast or mammalian cells, e.g., 

20 COS, CHO or NSO cells, for eukaryotic e3q)ression) and tiie cells are cultured to allow for 
^ression of die protein encoded therein. The protein is then purified by standard 
techniques fiom harvested host cells or, if the protein is seoreted fiom the cells, fit>m the 
media in >^di the cells are cultured. 

The extracellular domain (or portion thereof) of a sur&ce-bound protein can be 

25 expressed recombinantly as a non-fusion protehs, or more prdferably, is expressed as a fu^on 
protdnwift a second protein or polypeptide. As used Iierriii,tiie teem "fusion protein" lefors 
to a protein composed of a first polypqitide op^ativdy linked to a second, h^erologous, 
polypeptide. ApieforedQpeoffusionpiDtdntobettsedasanagatf 
invention is an immunogilobulin fiision protein (eg., CTLA4Ig). The term "immunoglobulin 

30 fusion protdn" refers to a fusion protdn in which the second, heterologous polypeptide is an 
immimglobulin constant region, or portion thereof. Immunoglobulin fusion proteins have 
been described extrasively m the art (see e.g., U.S. Patent No. 5,1 16,964 by Capon et al.; 
Capon, D J. et al. (1989) Nature 222:525-531; and Aruffo, A. et al. (1990) Cell fil:1303- 
1313), and typically indude at least a functionally active hinge region, CH2 and CH3 

35 domains of a constant region of an immunoglobulin heavy diain (e.g., human Cyl). 

Construction of a B7-1-Ig fusion protein and a CD28Ig fusion protein is described in detail in 
Lmsley, P.S. et al. (1991) J. Exp. Med 122:721-730. Construction of a CrLA4Ig fiision 
protdn is described m detail in Linsley, P.S. et al. (1991) J. Exp. Med lH:S61-569 and 
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Gimmi, C J), et aL (1993) Proc Nail Acad, ScL USA 2Q:6S86. Other Ig fusion proteins (e.g., 
B7-2-Ig) can be similariy prepared. 

C. Bispecific Agmts 

5 Another aspect of the invention pertains to novel bispecific agents fi3r use in 

inhibhmg inappropriate T cell responses to antigen in clinical situations, sudi as bone 
marrow and oigan transplantation, as well as autoimmune disorders and allergic responses. 
Based in part on fte discoveiy that an agent which inhibits of a costimulatoiy dgnal in T cells 
can be used in vitro or in vivo in conjunction with another agent which either inhibits 

10 adhesion of a T cell to a cell presenting antigen to the T cell or inhibits generation of a 
proliferation signal in T cells, novel bispecific agents or molecules incorporating the 
functions of bo& agents can be designed and produced. Accordingly, bispedfic agents 
comprising a first binding specificity for a costimulatoiy molecule or a costimulatoiy receptor 
and a second binding specificity for an adhedon molecule are wifliin the scope of this 

15 invention. A first binding specificity for a costimulatoiy molecule, such as B7-1 or B7-2 can 
be provided for by an aiiti-B7-l antibody, or firagment tfaereoi^ or an anli-B7-2 antibody, or 
fragment th»:eo£ Altaciiatively,aidngIeantiboc^whidiI»n^ 
used. Prefi5iably,fte first bmdmgspedfic% for B74 and B7-2 is prov^ 
fiagment(Le., an Vh and VLofanv^le antibody). In addition, fteB7-l or B7-21nnding 

20 specifidty can be provided for by a CTLA4Igfudon protein. In another ^bodiment, the 
first binding spedfidty is for a costimulatoiy recq>tor, such as CD28 or CTLA4. Inthis 
embodiment, the CD28 or CTLA4 bniding spedfiidty is provided for by an anti-CD28 
antibody, or ftagment th^eof (eg., Fv fiagment), or an anti-CTLA4 antibody, or fragment 
tibiereof (eg., Fv fiagmmt). 

25 In addition to a binding spedfidty for a costimulatoiy molecule or a costimulatoiy 

receptor, die bispedfic agents of the invendon have a second binding spedfidty fiir an 
adhesion molecule, sudi as LFA-1 or LFA-1 (as previously described Indn) or agiowfh 
&ctor receptor, sudi as interieukiii-2 lecqptor (ILr2R), or oUber growfii fector receptor (as 
previously described herdn). Thus, the second bmdingspecifidty can be provided for by a 

30 soluble form of die adhesion molecule/growdi &ctor receptor (e.g., LFA-lIg fusiQn/ILr-2Ig 
fusion) or antibody specifically reactive widi the adhesion molecule/growth &ctor receptor or 
adhesion molecule ligand, or fi:agment diereof (e.g., Fv finagment). 

The novel bispecific agents of die invention can be produced by standard techniques 
such as diose used for die production of bispecific antibodies. For example, bispedfic 

35 antibodies can be made by fiision of two hybridomas widi two dififerent spedfidties (see e.g., 
Milstein, C. and CueBo, A-C. (1983) Nature iQ5:537-540). Alternatively, recombinant 
bispedfic fiagm^ts can be made, such s& by diemical crosslinking of die hinge cysteine 
residues of two antibodies (see eg., Shalaby, MJL et al. (1992) J. Exp. Med. 121^217-225) or 
by including a C-tenninal peptide fliat promotes dimerizadon (see eg., Kostelny, S.A. et al. 
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(1992) J. Immunol 148:1547-1553; and Pack, P. et al. (1992) Biochemistry 21:1579-1584). 
A bispedfic a^t composed of two linked antibod|y Fv fiagments (i.e., Vjj and legions) 
can be piqiared as described mHoOmger, P. etal. (1993) Prc^c USA 
20:6444-6448). Additionally, fusion proteins, such as inununoglobulin fusion proteins (e.g., 
S CTLA4Ig, B7-1-Ig or B7-2-Ig) can be incorporated into a bispedfic agent using standard 
recombinant DNA tedmiques or diemical crosslinking techniques. For example, ibi& 
immunoglobulin constant region of tiie fusion protein can be linked to a second molecule 
having a second bmding spedfidty (eg., antibody or firagmmt thereof). 

10 D. Additional Blocldng Agents 

Alternative to an antibody (or fragment tiiereof), soluble receptor or ligand (or portion 
theieof), or bispedfic form of these molecules, oAer molecules which inhibit interactions 
between cell sur&ce molecules are within &e scope of die invention for use in inhibiting T 
cell responses. For example, a peptide, peptide mimetic, or ofiier fixim of small molecule 

IS (sudi as a drug) wMch inhibits an mteraction between a recepto 

molecule can be used to inhibit a costimulatory signal in a T cell. Similarly, a peptide, 
peptide mimetic, or other form of small molecule (sudi as a dru^ yMxAi inhibits adhesion or 
a T ceU to a ceU presenting anti^ to the T cell, or inhibits an int^action betw 
growdi &ctor and its receptor on a T cell, can be used as a second a^nt in conjunct^ 

20 costimulation inhibitory agent to inhibit a T cell response. 

K Intracelltdar Agents 

In ofter onibodiments of the described mettiods, an agent vAkii acts intracellularly to 
interfere widi the formation of an intracellular signal(s) associated widi a particular signal 

25 transduction padiway can be used to inhibit a T cell response. For exanq)le, a costimulation 
inhibitory agent as described herein can be an agent tiiat acts intracelhilariy to inhibit a 
CD28* or CILA4-assodated signal transduction pathway. CD28 stimulation has been shown 
to resdt in protein tyn)dnephos|diQiyl8tion ha T cells (see eg., Vandenberghe, P. et al. 
(1992) J. Exp, Med 12S:951-96(h Lu, Y. et al. (1992) J. ImmunoL 142:24-29). Accordingly, 

30 a tyrosme kmase inhibitor, such as herbimydn A, can be used as a first agent to inhibit a 
CD28-associated signal transduction pathway, thereby inhibiting generation of a 
costhnulatory signal in the T celL Alternatively, a CD28-assodated signal transduction 
pathway can be inhibited using an agent \sdiich stimulates protein tyrosine phosphatase 
activity in a T cell, thereby decreasing Ae net amoimt of protein tyrosine phosphorylation. 

35 For example, an antibody directed against the cellular tyrosine phosphatase CD45 can be 
used to stimulate tyrosme phosphatase activity in a T cell e^qnressing CD4S on its sur&ce. 
O&erintracdlulardgnalsrqxirted to be associated with CD28 ligation indude increased 
phospholipase C activity (see e.g., Nunes, J. et al. (1993) Biochem. J. 221:835-842) and 
increased intracellular caldum levels (see eg. Ledbetter, JA. et al. (1990) Blood 22:153 1- 
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1539)* Accordingly, an agent which inhibits phospholipase C activity and/or inhibits 
increases in intracellnlar calcium levels can be used to inhibit tiie generation of a 
costimulatory signal in a T cell. 

Additionally or ahraiatively, a second agent, which mhibits generation of a 
proliferative signal in a T cell (used in conjunction with the costimulation inhibitory agent) 
can act intracellularly to interfere with formation of an intracellular signal(s) associated with 
the interaction of a T cell growth factor (e.g., IL-2) wifli its receptor (e.g^ IL-2R). 
Interleukin-2 has been reported to induce tyrosine phosphorylation in T cells (see e.g., Mills» 
G. et al. (1990) J. BioL Chem. 265:3561-3567). Accordingly, a tyrosine kinase inhibitor, 
such as herbimy dn A, can be used to inhibit generation of a prolifa:ative signal in a T cell . 
Additionally, c^tain immunosuppressive drugs, such as cyclosporin A, function at least in 
part by inhibiting the production of IL-2 by T cells, thereby interfering with the normal 
autooine growdi mechanism of T cells. A drug that inhibits &e production or fonction of IL- 
2y or otter T cell growdi fector, may thus be useful for inhibiting generation of a proliferative 
signalinaTcelL 

F. Compositions 

The fibrst and second agents used according to tiie described mediods to inhibit a T cell 
response can be formulated into pharmaceutical coinpositions suitable fer administration to a 
subject in vivo. Accordingly, ano&er aspect of the invrntion pertains to pharmaceutical 
compositions. A prefmed composition of ib& invention comprises a CTLA4Ig fusion protein 
and an anti-LFA-1 antibody, in an amount eflFective to inhibit a T cell response, and a 
pharmaceutically acceptable carrier. Another preferred composition of the mvmtion 
comprises a CTLA4Ig fusion protdn and an anti-IL-2R antibo^, in an amount effective to 
inhibit a T cell response, and a pharmaceutically acceptable carrier. 

The agents of the invmti on are administered to siibj ects in a Inologically compatible 
fonn suitable for pharmaceutical administration mvnw to m^^ By 
"l^iolo^cally cornpatible form suitable fer administradon in vivo^ is meant a form of ^ 
protdn to be admmistered in v^cfa any toxic ^fects are outweighed the tiierq)eutic 
effects of Ae ligand. Ilietemi subject is intended to iiidudefivingoigaiusms in vidiic^ 
nnmune response can be didted, eg., mammals. Examples ofsubjectsindude humans, 
monkeys, dogs, cats, mice, rats, and transgenic species tiiereof. 

Administration of a therapeutically active amount of die agents described herein is 
defined as an amount effective, at dosages and for periods of time necessay to achieve die 
desired result For example, a therapeuticaUy active amount of a CTLA4Ig fusion protein, 
together with a therapeutically active amount of either an anti-LFA-1 antibody or anti-IL-2R 
antibody, may vary according to fectors such as the disease state, age, sex, and weight of die 
individual, and the ability of fusion protem and antibody to elicit a deshed response in ihc 
individual. Dosage r^imens may be adjusted to provide the optimum therapeutic response. 
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For example, several divided doses may be administered daily or the dose may be 
proportionally reduced as indicated by the exigencies of the thoBpeutic situation. 

The active ^ent (e*g^ antibody and/or fu^on protein) may be administered in a 
convenient manner such as by injection (subcutaneous, intravenous, etc.), oral administration, 
S inhaktion, transdermal appfication, or rectal administration. Dq>endingonfherouteof 
administration, the active compound may be coated in a material to protect fhe conq)Ound 
from the action of enzymes, adds and oth^ natural conditions which may inactivate tte 
conqpound. To adininister an agent by otfaor than parmteral administration, it may be 
necessary to coat Ibe agent i;vith, or co-administer fte agent with, a material to prevent its 

10 inactivation. An agent may be adrninistered to an individual in an appropriate carrier or 
diluent, co-administered with enzyme inhibitors or in an appropriate carrier such as 
liposomes. Phaimac^itically acceptable diluents include saline and aqueous bu£fer solutions. 
En2yme inhibitors include pancreatic trypsin inhibitor, diisopropylfluorophosphate (DEP) 
and trasylol. Liposomes include water-in-oil-in-wat^ emulsions as well as convmtional 

IS Uposomes(Strejanet^(1984) J.iVinironimni^ Dispersions can also be prepared in 

glycol, liquid polyetiiylene glycols, and mixtures tiiereof and in oils« Under ordinary 
conditions of storage and use, tiiese preparations may contain a preservative to prevent the 
growth of microorganisms* 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 

20 solutions (vidiere water soluble) or dispersions and sterile powders for tiie extemporaneous 
prqiaration of sterile injectable solutions or dispersioiL In all cases, the composition must be 
sterile and must be fluid to tiie extent that easy syringability exists. It must be stable under 
tiie conditions of manufacture and storage and must be presGcved against the contaminating 
action ofmicroorganisms such as bacteria and fungi. The carrier can be a solvent or 

25 d]q)e!rsion medium containing, for example^ water, an isotonic buflered saline solution, 

etiianol, polyol (for example, gly cml^ propylene glycol, and liquid polyefli^lene glycol, and 
the like), and suitable mixtures hereof The proper fluidity can be mamtained, far example, 
by the use of a coating sudi as ledtbin, by the maintenance of tiie required partid^ 
caseof dispersion and by the use of suz&ctanls. Prevention oftiie action of microorganisms 

30 can be adueved by various antibacterial and antifungal agents, for exaxq>le, parabens, 
dilorobutanol, phenol, ascorbic add, thimerosal, and the like. In many cases, it wiU be 
preferable to include isotonic agmts, for example, sugars, polyalcohols such as manitol, 
sorbitol, sodium diloride in the compositioiL Prolonged absorption of tiie injectable 
compositions can be brought about by induding in the composition an agent v^ch delays 

35 absorption, for example, aluminum moju>stearate and gelatiiL 

Sterile injectable solutions can be prepared by incorporating the active agent in tiie 
required amount of an appropriate solvent with one or a combination of ingredients 
enunterated above, as required, foUowed by filtered sterilizatioa Generally, dispersions are 
prepared by incorporatmg the active compound into a sterile vdiide vMdx contains a basic 
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dispexsion medium and the required other ixigredients fiom those enumerated above. In tlie 
case of sterile powders for fiie preparation of sterile injectable solutions, ftxt preferred 
methods of preparation are vacuum dryii^ and fi:eeze-drying which yields a powder of flie 
active ingredient (e^g.^ antibody) plus any additional desired ingredient firom a previously 
5 sterile-filtered solution thereof 

Wbsn tiie active compound is sintably protected, as described above, the compound 
may be orally administered, for example, wifli an inert diluent or an assimilable edible 
carrier. As used hexem "pharmaceutically accq)tab}e carri^ includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption 
1 0 delaying agents, and the like. The use of such media and agents for phannaceutically active 
substances is weU known in the art Except inso&r as any conventional media or agent is 
incompatible with the active compound, use hereof in the therapeutic compositions is 
contemplated. Supplementary active compounds can also be incorporated into the 
compositions. 

IS It is espedally advantageous to formulate parentQ:al compositions in dosage unit form 

for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages fen: the Tnammalian sulgects to be 
treated; each unit containing a pred^ennined quantity of active compound calculated to 
produce the desired th»:q)eutic effect in assodation widi ihc required pharmaceutical carrier. 

20 The specification for die dosage unit forms of die invention are dictated by and direcdy 
dependrat on (a) fte unique characteristics of the active compound and the particular 
therapeutic effect to be achieved, and (b) the limitations inherent in the art of compounding 
such an active compound for the treatment of soiisitivity in individuals. 

25 IL Hsa^tfae iBQflaxtiiQn 

The mediods of tiie invention can be used to inhibit T cell responses dtho: in vitro or 
in vivo by contactiiig a T cell witii a costimulation inMbitory agent, optional^ with a second 
agent as described herein. Accar£ngly, the term ''contactmg** as used heidn is intended to 
include incubating (or cuhuring) a T ceU with the first and second agent and administering a 

30 first and second agent to a subject The methods ofthe invention are useful in dierq)eutic 
situations vdiere it is desirable to mhibit an unwanted T cell resfponse, as desoibed in further 
detail in the subsections to follow. Additionally, as demcmstrated in tiie Examples, tiie 
methods of the invention induce antigenic nonresponsivraess in a T cell that persists after 
cessation of treatmrat (Le., antig^c nonresponsiveness persists in vivo after administration 

35 of the first and ^cond agents is stopped). Thus, the methods of the invention are useful for 
inducing T cell anergy, thereby providing a means for long-term inhibition of T cell 
refuses in a variety of clinical situations without the need for chronic generalized 
immunosi^ypression of a sulgect with its attendant deleterious side effects. 
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A. Bom Marrow TranspIoFitation IfMbition of GVHD 

Hie methods of &e invention are particularly useful for inhibiting graft versus host 
disease whidi results from allogeneic bone marrow transplantation* It has previously been 
observed tiiat the presence of mature donor T cells vnMn a bone marrow graft is b enefi cial 
5 both for successfiilengraftment and for a graft versus leukemia req)onse. However,the 
presence ofmature donor Tcdism the graft induces GVHD. As demonstrated in the 
Examples, it is possible to inhibit refuses of alloreactive donor T cells by use of a 
costimulation inhibitory Bgjsnt (e.g^ a costimulation blocking agrat, such as CTLA4Ig) or by 
the combined use of a costimulation inhibitory agmt and a second agent which inhibits 

10 anotfa^ donor T cell function. These treatments tiius allows mature T cells to be present 
within transplanted donor cells, thus avoiding GVHD and promoting bone marrow 
engraftment Moreover, T cell unresponsiveness to alloantigens is induced, thereby 
providing long-term inhibition of T cell responses without the need for jcontinuous treatment 
of fte bone marrow lecqnnL 

1 5 Because the T cells to be inhibited in a bone marrow transplant situation are donor T 

cells vAsidi are available in vitro prior to transplantation, alloreactive donor T cell responses 
can be be inhibited in intro^ in irivo or, most preferably, udng a combined in vitro/ in vivo 
treatment regimetxt (see tiie Examples). Accordingly, in one embodhnent, graft v^sus host 
di^ase in a bone marrow transplant recipient is ijihibited by contacting a population of donor 

20 T cells m vitro (prior to transplantation) vnSi 1) a second population of cells e^xressing 
recipient alloantigens (such as redpirat cells or cells from anotibier source which share 
recipient alloantigens, e.g^ m^or or minor histocompatibility antigens) and 2) an agent 
which inhibits a costimulatorydgnal in a donor TcelL In another embodiment, the donor T 
cells are contacted witti 1 ) and 2) described above, and 3) a second agent which either inhibits 

25 adhesion of a donor T cell to cells expressing recipient alloantigens or inhibits generation of a 
proli&iative signal in fltedcmorT cell. In one embodimerEt,^ agent i^ch inhibits a 
costimulatory signal ^.e^fte first a^rt) is a CIIA4Igfu^ Inanother 
embodiment, tiie first i^ent is an anti-B7- 1 or anti-B7-2 antibody (or fragment tterof) or both 
anti-B7-l and anti-B7-2 antibodies (or a smgle antibocfy wfaidi binds both B7-1 and B7-2). 

30 hi one embodiment, &e second agent is either an anti-LFA-1 antibody or an anti-IL-2R 

antibody. The second population of cells, vMch e3qpress recipient alloantigens, are typically 
treated such that they cannot proliferate and/or are not metabolically active, e.g., the cells are 
irradiated and/or treated widi paraformaldehyde. 

In &e method, ^ population of donor cells contacted with the inhibitory agent(s) 

35 include mature donor T cells. Accordingly, &e pcypulation of donor ceUs used in the method 
can be, for example, the bone marrow cells tiiemselves which are to be transplanted into tiie 
redpienti^di have not been T cell depleted. Alternatively, or additionally, die source of 
mature donor T cells can be donor peripheral blood cells, splenoc^tes or oflier suitable source 
ofdonorT cells. When nonrboneiiiarrowT cells (e.g., peripheral blood T cells or 
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Sfplenocytes) are used as tfie source of mature T cells wiiidi are contacted with the inhibitory 
agent(sX the subsequent bone manow graft includes a mixture of bone marrow cells and non- 
bone marrow cells (Le^ bone marrow cells togeflier with mature donor T ^ 
alloreactivity has been inhibited). 

5 It has been found that primed T cells are more susceptible to mhibition by the 

mhibitory agents described herem &an unprimed T cells (see E)q)ernnent 3 in ft e Examples) . 
Accordingly, in a preferred embodunent, the in vitro treatment r^imen mvolves culturxog the 
donor cells with tilie recipient cells in vitro in the absence of 4e inhibitory agent(s) prior to 
adding Ae inhibitory agent(s) to the culture in vitro. For example, donor ceDs (including 

10 donor T cells) are cultured with the second population of cells expressing recipient 

alloantigens (e.g., recipient hematopoietic cells) m a typical mixed lymphocyte reaction 
(MLR). The cells are cultured for a suitable length of time to induce alloreactive T cells, e.g. 
one to fliree days. This step serves to prime donor alloreactive T cells to recipient 
alloantigens. FoUowing this priming step, the mhibitoiy agent(s) are added to the culture, 

15 e.g., after about 1 8 to 3 6 hours of primmg, flie inhibitory agents can be added for several 
hours to flie culture prior to transplantation of cells into the recipient 

Follo^dng in vitro culture of donor cells wi A cells expresang ledpient alloantig^ 
and inhibitory agent(s) (preferably, with priming of donor cells to recipient alloantigens), the 
donor cells are adrnmistered to Ae redpimt (if the don» cells used in flie 

20 not include bone marrow cells, e.g., if peripheral blood cells or splaiocytes are uses as Ae 
source of mature donor T cells, fbea T-cdl depleted bone manow cells are also administered 
to tiie recipient). 

In another embodunent, foDowmg in vitro treatment and administration of donor cells 
to Aeredpien^ the redpient is fiirthcr treated wvrvo with the inhibitory agCT^ Thatis,a 

25 costhnulation inhibitory agent can be administered to tiie redpient alone or with a second 
agrat, sudi as an adhedcm bloddng agent or a proliferation bloddng agent Alt^natively, 
Ae second agent alone can be admmistered to Ac redpieirt In another embodhnent, die 
redpient is only treated in vivo with fte inhibitory ag«t(s) (Le., by administering fte agent(s) 
to the redpient). In ftiis embodunent, the in vdro culture of donor and redpient cells, ^ 

30 treatment ftereofwith one or more inhibitory agents, is omitted. 

B. Tissue and Organ Transplantation 

The methods of tiie invention can also be applied to other transplant situations, such 
as transplantation of allogenric cells, sudi as allogeneic cells present wifhm a tissue or organ 
35 (eg., pancreatic islets, skm, heart, liver, lung, kidney etc.), to mhibit rqection of the 
allogeneic cells by the redpient To inhibit rejection of allogeneic cells m a transplant 
redpient, a combmation of two agents is administered to the redpient 1) a first agent which 
mhibits a costimidatory signal in a redpint T cell, and 2) a second agent which eiflier 
hdubits adhesion of a redpient T cdl to a cell ihst presents antigen to flie redpient T cell or 
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inhibits a proliferative signal in the redpimt T celL For example, the first agent can be a 
CTLA4Ig fusion im>tein» anti-B7-l antibody or anti-B7-2 antibody (or antibody which binds 
both B7-1 and B7-2). The second agent can be, for example, either an anti-LFA-1 antibody 
or an anti-IL-2R antibody. 
S Since, as previously discussed above, primed alloreactive cells m^ be more 

susceptible to inhibition by the combined first and second agents than unprimed T cells, &e 
method for inhibiting rejection of a graft in a transplant redpent can include a pretreatment 
step involving administration of donor ceUs (e.g., donor hraiatopoietic cells) to the recipient 
prior to transplantation of a tissue or organ graft to prime recipient T cells to donor 

10 alloantigens. After this pretreatment, fte tissue or organ graft is transplanted and the first and 
second inhibitory agmts are administered to the recipient The responses of primed donor- 
specific alloreactive T cells in the recipient are inhibited upon subsequent exposure to donor 
alloantigens within the graft in the presmce of the first and second inhibitory agents. 

Additonally or alternatively, the method for inhibiting rejection of allogeneic cells by 

IS a redpifflit can involve pretreatment of flie graft ex vivo vdlfa the inhibitoiy agents desoibed 
herdui prior to transplantation into the redpimt For example, antibodies, fusion protdns or 
other inhibitory agents can be incubated with allogeneic cells or tissues^ or perfused into 
organs (ag^ flie inhibitoiy agmts can be introduced into Ae organ, tiie bxpvl and ou^ut 
vessels can be clamped to allow the agents to bind to target molecules widiin flie organ, and 

20 tiim the organ can be transplanted into flie recipient). Following transplantation, the recipient 
can be fiirdier treated with &e inhibitory agrats in vivo (e.g^ by administering the agents to 
the recipimt). 

C. Autoimmunity 

25 Uhibition of T cell responses accorduig to tte methods of the invention may also be 

tto^uticaUyusefld for treating auUnmmune diseases. Many autoimmune disorders are tiie 
result of inappropriate activation of T cdls fliat are reactive against 

against autoanligens) and promote the production of cytokines and antoantibodies involved in 
flie pathology of the diseases. Preveiitizig the activation of autcnreactiveTcdlstimsinay 

30 reduce or eliminate disease symptoms. Administration to a subject suffering fix>m an 

autoimmune disease of a costimulation inhibitory agent in conjunction with a second agent 
for inhibiting T cell responses as described herein can be used to prevent the production of 
autoantibodies or T cell-derived cytokines wfaidi may be involved in the disease process. To 
treat an autoimmune disorder, a first agent (e.g., CTLA4Ig) and a second agrat (e.g., anti- 

35 LFA-1 inAb or anti-n^niAb) are coadmiriistered to a subject in need of treatment 

Ahematively, for autoimmune disorders widi a known autoantigen, die autoantigen can be 
coadministered to the sulgect with first and second agents. 

This melfaod may be usefid in the treatment of a variety of autoimmune diseases and 
disorders having an autoixiunuiieconqxment, wftlnHwg diabetes mellitus^ ardiritis ^chiding 
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ifaemnatoid artiiritis^ juveofle ifaemnatoid arthritis, osteoarOiritis, psoriatic arthritis), multiple 
sclerosis, xnyasfiieDia gravis, systraiic hxpos etyfhematosis, autoimmune fhyroiditis, 
dmnatitis including atopic dermatitis and eczematous dermatitis), psoriasis, Sjogren's 
Syndrome, induding keratoconjunctivitis sicca secondary to Sjdgren's Syndrome, alopecia 
5 areata, allergic responses due to arthropod bite reactions, Crohn's disease, ^h&ous ulcer, 
iritis, conjunctivitis, keratoconjunctivitis, ulcerative colitis, asdmia, all«:gic asthma, 
cutaneous hq>us oydianatosus, Kleroderma, vaginitis, proctitis, drug eruptions, 
Iqsrosy reversal reactions, oydiema nodosum leprosum, autoimmune uveitis, allergic 
racephalomyelitis, acute necrotizing hemorrhagic encephalopathy, idiopathic bilateral 
1 0 progressive sensorineural hearing loss, aplastic anemia, pure red cell anemia, idiopadiic 
dirombocytopenia, polychondritis, Wiener's granulomatosis, chronic active hepatitis, 
Stevens-Johnson syndrome, idiopathic sprue, lichen planus, Crohn's disease. Graves 
ophthalmopathy, sarcoidosis, primary biliary dnfaosis, uveitis posterior, and interstitial lung 
fibrosis. 

15 

D. Allergy 

Tlie IgE anffl)Oify response m atq)ic aUergy is Mghly T ceU dq^ 
nihibiting responses by aUergoirspecific T cells may be useful ilitsiap&s&csilly in the 
treatment of all»:gy and allei:gic reactions. For exanq)le, a combination of a 

20 costimulation inhibitory agent and second agent as described herein can be administered 
to an allergic subject exposed to an allergen to inhibit responses by allergen-specific T 
cells, thereby downmodulating allogic responses in the subject Administration of the 
first and ^cond agmts may be acconq)anied by envirommtal exposure to the allergen or 
by coadministration of tiie allogra to the subject Allergic reactions may be systemic or 

25 local in nature, dq>ending on the route ofentryofthe allergen and the pattern of 
deposition oflgE on mast cdls or basophils. Ihus, it may be necessary to inhibit 
allei:gen-5pecific T cell responses locally or systraiically by proper administration of the 
first and second agents. For example, in one embodiinent, a first agent (e.g.,CTLA4Ig), 
a second agent (eg., anti-LFA- 1 mAb or anti-IL-2R mAb) and an allergen are 

30 coadministered siibcutaneously to an allergic subject 

This invention is fiirtfaer illustrated by the following racamples which should not be 
construed as limiting. The contents of all references, patents and published patent 
applications cited tlirougbout this application are hereby incorporated by reference. 

35 
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EXAMFUSS 

In Ae examples, an animal model for graft versus host disease was used to escamine 
tiie ability of various agents to inhibit T cell responses, as assessed by inhibition of GVHD. 
5 In tiiis system, CS7BL/6 (B6)CH-2^ donor cells are transplanted into B10.BR/SgSnJ 
(B10£R)(H-2^ recipient mice. Thus, ^s system utilizes donors and recipients that are 
fully mismatched at histoccmipatibility lod. EfiBcacy of a ibsxdpy in this animal model may 
be predictive of eEBcacy in humans, both in mirelated donor and matched sibling donor BMT. 
This system has previously been used to evaluate oflier therapies for inhibiting GVHD, such 

10 as treatment vnih rapamycin (Blazar, B Jl. et al. (1993) J. Immunol 111:5726-5741; Blazar, 
B.IL et al. (1993) Arm. KY. Acad Sci. M5:73-85), ricm nnmunotoxins (Vallera, D.A. et al. 
(1991) Blood IL:1S2A94X radiolabeled anti-Ly-1 (VaUera, D.A. et al. (1991) Cancer 
Research 51:1891-1897) and anti-CD3 (Blazar, BJL et al. (1993) J. Immunol 150:265-277; 
Blazar, B JEL et al. (1994) J. Immunol 152:3665-3674), . 

15 In the system, the donor cells comprise a mixture of T cell-depleted bone marrow and 

^lenocytes, as a source ofmatureT lymphocytes. Agots used to inhibit T cell responses, 
eifli^ alone or in combination, were a CTLA4Igfi]sionprotdn,m antibocfyand 
an anti-IL-2 receptor antibo^. Diffoent treatment regimens werc also exannned. Some 
redfdent animals were treated wifli the various agents only in vrvo, starting the day befixre 

20 bone marrow transplantation. For other redpient anmials, a combined /pi vi/)ra/m wvo 

treatment regimen was used. In this regime, prior to transplantation, tiie donor splenocgrtes 
were incubated in vitro wi& irradiated redpient cells, in the presence or absence of the 
various inhibitory agrats (e.g., antibodies and/or fusion protein). In some e3q>eriments, donor 
splenoc^tes were first cultured with irradiated redpimt cells in a mixed lymphocyte reaction 

25 ^ifflLR) in the absence of any inhibitory agents (to prime aUoreactive donor T cdls), followed 
by addition of the various izihibitory agents to the MLR culture fixr several hours prior to 
transplantation oflfae donor cells. Treatment oftiie reorient animals was then continued 
^vjwadniiiiistradonoflfae various inhibitory agents. In yet another treatment regimen, 
donor splnoqrtes were cultured in vitro with irradiated recipient cells in fhe presence of 

30 CTLA4Ig or wiA paraformalddiyde-fixed recipient cells alone, followed by transplantation 
widioutfiirttier ITS V7VO treatment of the recipients. The severity ofgraft versus host disease 
was determined by a number of assays, including survival time of tiie recipient mice in days 
post-BMT and mean body weight of the recipient mice post-BMT (body weight decreases as 
a ade effect of GVHD). 

35 The foUowing meOiodology was used in tiie examples: 



BlOJBR/SgSiJ (H-2^ recq>irat mice were purchased fix>m Jackson Laboratory (Bar 
HarbQr,ME). C57BL/6 0^1-2^ donor niice were purchased form the National Institutes of 
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Healtii (Bediesda^ MD). Dcmois and ledpients wrare female. Female donors ipvere 4-6 ^veeiks 
and female redpneots xvere 8-10 wedcs at fte time of BMT. 

Bone marrow trmsplantatimi 
5 The transplant protocol used herein has been described in detail (Blazar» B *R. et al. 

(1990) BIood25;79S). B103R recipients were conditioned wifli 8.0 Gr^ (Gy) total bo<fy 
irradiation (TBI) administered fix)m a Philips RT 250 Qrthovoltage Therapy Unit (Philips 
Medical Systans, Germany) filtered through 035 mm Chi at a final absorbed dose rate of 
0.41 (jy/minute at 225 kV and 17 mA. Donor bone marrow (BM) was collected in RPMI 

10 1640 medium by flushing it fix)m the diafts of femurs and tibias. Recipients (8 mice per 

group per experiment) received 25 x 10^ BM cells &om C57BL/6 donors Aat had been T-cell 
depleted (TCD) with anti-Thyl.2 antibody (mAb) (hybridoma 30-H-12, rat IgG2b, provided 
by Dr. David Sachs, Cambridge, MA) + C as previously described (see Blazar, B JLet al. 
(1990) J?/oorf25:798; Blazar, BJL et al. (1991) Blood m3093; Blazar, BJL et al. (1991) X 

15 Immunol 142:1492) mixed with splenoc^tes as a source of GVHD-causing T lymphocytes. 
Single cell suspmsions of splenocytes were obtained by passing minced spleens ftrougih a 
wire mesh and collecting thrad into RPMI1640. Splenocytes wm suspended with BM at a 
concentration of 10^ cells/ml to create a bone marn>w>spl»ocyte population (BMS). A 0.5 
ml aliquot of BMS, contaming 25 x 10^ BM +25 x 10^ splmoqrtes (50 x 10^ cdls totaQ, 

20 was iiifused into eadiredpirat mouse via caudal vem injection. As a positive control for 
GVHD prevention m all experiments, one ejcperimratal groiq> received splenocytes in which 
T cells were eliminated wiA anti-n^l.2 + C. This treatment has been previously observed 
to eliminate all detectable natural killer cell function (Blazar, BJL et aL (1988) 
Transplantation 4S:876) and at least 95 % of <^lytic T lymphocyte i^ecursers ^lazar, BJL 

25 et al. (1990) BloodT5P9&). 

hCEL A4-Ig protein preparation 

hCTLA4-Ig (constructed as described in Gimmi, CJ>. et aL (1993) iVoc Natl Acad. 
&L USA gl:6586) was purified by reacting with immohilized protein A gnp emat nuts from 
30 protein A Chinese hamst^ ovary cells, electroporated with an expression vectcnr containing 
the ^tracellular portion of hCTLA4 joined to the CHi-Ifinge-CH2-CH3 domains derived 
firom a himian genomic IgGl gene, with inmiobilized protdn A. Purified hCrrLA4-Ig 
consisted entirely of the dimeric form. 

35 Anti-LFA-1 mAb preparation 

Ananti-LFA-l a^hachainniAb(anti-CDlla)(hybridoniaFD441.8,ratIg(nb, 
kindly provided by Dr. Frank Htdi, Univecaity of CSiicago, Chicago, IL; described in 
Sarmieoto, M. et aL (1982) Immunol Rev. £&:135) was used in the experiments. Ascites 
fluid finom piistane primed mice was concentrBted by ammonium sul&te (50 %) precipitation 
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and was diaiyzed against 0.1 M potassium phosphate (pH 7.5) (as described in Blazar, B.R. et 
al. (1991) Blaodm3093-3m). 

Anti-IL-2R mAb preparation 
S An anti-IL-2R mAb (bybridoma VC6153, rat IgGl» obtained fiom the American Type 

Culture Collection, Rodcville, MD) was used in Ae experiments. Ascites fluid fix)m pristane 
primed mice was concentrated by ammonium sulfate (50 %) precq)itation and was diaiyzed 
agamst O.I M potassium phosphate (pH 7.5) (as described in Blazar, BJL et al. (1991) Blood 
2a:3093-31Q2). 

10 

In vivo administration of agents 

For in vivo administration, mice were injected intraperitoneally (ip) with PBS, 
hCTLA4-Ig (250 ^g/dose on days -*1, 0 and fhen 100 figAlose fhrice weekly imtil day 28 post- 
BMT), and/or eitiier and-LFA-l mAb (300 pg/dose b^inning on day -1 and continuing twice 
15 weekly through day 29 post«-BMT) or anti-IL-2R mAb (250 ^g/dose booming on day -1 
through day 4-5, ften 1 00 pg on days -f6 to +1 0, fhm continuing 1 00 [ig thrice weekly 
through day 29 post-BMT). 

In vitro incubation of splenocvtes vrttfa agents 

20 To reduce the capasAty of donor GVHD-causing splenocytes to respond to host 

alloantigens, an in vitro culture system was established in which donor splenocytes were 
exposed to host splenic alloantigens under conditions fevoring tiie development of donor 
anti*4iost specific hyporesponsiveness. In initial experiments, donor CS7BL/6 splenocytes 
were suspended at a concentration <rf 8 x 1 O^Anl in Dulbecco's minimal essratial medium 

25 (JDMEM)y 10 % fetal calf sera (commenaal brand Hyclone), 2-meircaptoetfaanol (x lO-M'^), 
and amino add and antibiotic sqiplements. Irradiated (30-33 Gy) host splraocytes, 
suspended in the media, sera, and supplements described above, were sham treated or 
mcubated witii hCTLA4-Ig (50 pgM) and/or various mAbs (1 50 ^g^) for 3 0 mmutes at 
4^C. At tiie end of tiiis brief incubation, the suspension was not washed, but was diluted to a 

30 final concmtration of 8 x 10^ cells/ml and then combined witii the donor splenocytes. Up to 
9.6 X 10^ each of donor and host splenocytes were added in a total of 150 ml in 225 an^ 
flasks and placed at 37 X and 10 % CO2 for a period of 2.5 to 4 days as indicated. 

In other e3q)eriments, the in vitro treatmait protocol was altered to target donor anti- 
host primed cells. The otv//>-o culture system described above was modified to first allow a 3 

35 day time period for priiiiing donor splenocytes to irradiated host alloantigens. At the end of 
tiie incubation period, the bulk culture was washed, resu^ended at a conce^ 
lO^Anl and combined witii 50 X 10^^ anti-ThyO + C treated BM to create a BM^ 
preparatioxL hCTLA4Jg (50 iigftol final concentration) and/or anti-LFAl mAb (150 pg/ml 
final concentration) or PBS were added to tiie BMS preparation fiir 3 hours ^ 
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B7 figand sakuiatioiL The BMS preparation was infused without additional manipulation. 
Each recipient received 0^ ml containing 25 x 1 0^ BM cells and 25 x 1 0^ splenocytes via 
caudal vein injection. As indicated, ledplent groups received PBS, hCTLA4-Ig, and/or anti- 
LFAI in V7VO according to the dose and scfaedde detailed above and as in^ 
Results sections below. 

In some experiments, an alternative qTproach to reduce T cdl costimulation was 
compared to hCTLA4Ig incubation. Raflier than irradiate stimulators, B103R stimulate- 
splenocytes (20 x lO^Anl) were incubated wifli paraformaldehyde (0.15%) for 60 minutes at 
4**C. Stimulator ceUs were then washed, resuspended at 8 xl06/ml and combined vw 
1 O^/ml responder cells (B6 splenocytes) for a praod of 2.5 or 4 days as a primmg step. The 
responder ceUs were then combined with donor BM cells, to form a BMS preparation, and 
the BMS preparation was administered to recipient animals as described above. 

In representative esq^erimoits, aliquots of tiie in vitro incubated bulk cell population 
were removed for flow cytenetry (FCM) and/or assessment of prolifi^ation by tritiated 
thymidine incoxporation by conventional procedures. In all eicperimrats, at the end of the 
2.5-4 day incubation period, the bulk population was washed tiiree time with media, 
resuspoided, and added at a 1 : 1 ratio to anti-Thy 1 .24C treated BM. 

Statistical Atialyseg 

Qroup comparison of continuous data were made by Student's t-test Survival data 
were analyzed by lifetable mefliods using tiie Mantel-Peto-Cox summary of chi-square 
(Mantel, N. (1966) Cancer Chemother. Rep. 5tt:163). Probability ^) values <0.05 were 
considered significant 

Experiment 1 

Intilis expenmmt^lhe GVHD-inhibitcnry efifect of u^ hCTLA4Ig alone or to^^ 
with anti-U'A'-l or anti-IL-2R was evahiated in a ccmihined in vitro/in vivo treatment 
r^men (as described above in tiie Methodology). The foUowing treatment conditions were 
used: 

In Vitro Tre^tmfmt 

hCTLA4-Ig 50 jig^ added at flie end of a 3 day MLR of donor splenocytes and 

irradiated recipient cells, for 3 hours at 37 ^C, eitiier alone or in combination 
with either anti-IL2-R or anti-LFA-1, each at 150 fig/ml. 
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hCrLA4Ig 250 on days --1 and 0» then 100 fig fhrice weekly tiirough day 28, alone or 
whfaeidier: 

5 anti-IL-2R 250 pg on days -1 to +5, then 1 00 |ig on days 6-1 0, Ihra tibrice weekly 

and-LFA-1 300 pg on days -I tfarough +29 twice weekly. 

10 The results are shown in Figure 1, which dq)icts the proportion of surviving mice as a 

function of the number of days post-BMT, and Figure 2, which depicts the mean weight in 
grams of tibe mice as a function of days post-BMT. The 50 % survival rate of control (PBS 
treated) animals was only about 25 days post-BMT» whereas SO % of mice treated witfi 
CTLA4Ig survived about 60 days post-BMT. Greater than 50 %ofmice treated with dflier 

15 CTLA4Ig and anti-LFA-1, or CTLA4Ig and anti-IL-2R» survived beyond 100 days post- 
BMT. Since aU mistreatment was stopped by day 29 post-B^ 
CniA4Ig treatment mvd^ and mvnv,^^ oranti-IL- 
2R» can induce long-term inhibition of T cell responses, consistent with induction of T cell 
unre^pon^veness, or aneigy, to aUoantigens. 

20 

In this e3q>mment, tiie following treatment regunens woe evaluated: 

CILA4Ig alone, in viiro and in vivo 
25 anti-LFA-1 alone, in vitro and in vivo 

CTLA4Ig + anti-LFA-l, in vim only 
CTLA4Ig + anti-LFA-l , in vitro and in vivo 

The conditions for &e treatments were tiie same as described in Experiment 1. Theresults 
30 are shown in Bgure 3 (proportion survivmg) and Figure 4 (mean weight in grams). 

CTLA4Ig or anti-LFA-l treatment alone (in vitro and in vivo) prolonged tiie 50 % survival 
rate of the animals compared to PBS treated control animals. Coadministration of CTLA4Ig 
and anti-LFA-l (in vivo only) prolonged the survival rate even longer compared to control 
treated animals. Animals treated botii m vi/ra and m vh^ with a combination of CTLA4Ig 
35 and anti-LFA-l exhibited the longest survival rate post-BMT compared to control animals. 
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Experiment 3 

In lids experiment, a combmed in vitro/in vivo treatment legimra was used with 
CTLA4Igtogefiiarwithanti-LFA-l. Donor splenoi^ were cdtuied with inadiated 
recipient cells for 3 days in an MLR prior to addition of CTLA4Ig and anti-LFA-1 for Ae 
5 final three hours of culture fprimed" cells). Ahematively, donor splenocytes were cultured 
with nradiated recipient cells in the continuous presence of CrLA4Ig and anti*LFA-l ("non- 
primed"). Treatment of the recq)ient mice with CTLA4Ig and anti-LFA-1 was continued to 
vivo following transplantation. The treatment conditions were as described m Experiment 1. 
The resuks are shown gr^hically in Figure 5 (proportion surviving) and Figure 6 (mean 
10 weight in grams). Recipients of non-primed splenocytes cultured in vitro with CLTA4Ig and 
anti-LFA-1 exhibited longer survival iK)st-BMT compared to control (PBS) treated mice. 
Preculture of donor splenocytes widi recipient cells 0-e., primmg) prior to culture with 
CILA4Igandanti-LFA-l to v/Iro resulted m even longer survival post-BMT compared to 
control treated animals. The resdts indicate that while prinimgofdonorT cells to recipient 
15 alloantigens prior to treatm^ is not essontial for the GVHD mhibitory effects of CTLA4Ig 
and anti-LFA- 1 ^ inclurion of Ibo primmg step m flie treatment regunen can mcrease Ae 
mhibitoiy effects of the agents. This data is consistent with primed T cells bemg more 
suscq>tible to inhiUtion (eg., anergy induction) than non-primed T cells. 

Experiment 4 

Jn this experiment, the followiiig treatment reghnens were evaluated: 

CTLA4Ig alone, to vitro and in vivo 
CTLA4Ig + anti-II^2R, in vitrOy tiien CTLA4Ig alone in vivo 
CTLA4Ig +anti-IL-2R, TO v^o and in vm> 
CTLA4Ig + anti-UPA-l , in vitro and in vivo 

The conditions for flie treatmrats were the same as described m Experiment 1 . The results 
are shown in Figure 7 (proportion surviving) and Figure 8 (mean wdg^ Theuse 
of CTLA4Ig alone (to vitro and in vivo) extended the 50 % survival rate of redpirats 
compared to control (PBS) treated animals (about 60 days vs. about 42 days, req)ectively). 
The combmed use of CTLA4Ig and anti-LFA-1 , or CTLA4Ig and anti-IL2R, prolonged the 
survival rate of the animals even further (5 0 % survival greater Aan 1 00 days for eith^ 
treatment). Again, mhibition of GVHD was long-terai and persisted afl^ 
treatment, consistent with induction of T cell unresponsiveness, or anergy, to alloantigens. 



wo 95^4320 PCT/US^y07351 

-32- 

ExperimentS 

In 11iise9q)eriment9^vi^oanergy induction by B6 
splenocytes (8 x 10^) ivere incubated with inadiated B10J3R stinuilators (1:1 tatio) in the 
presence and absence of hCTLA4Ig (SO )ig/!ml). A third group of donor splenocytes was 
5 incubated wiUi non-inadiated, parafoimaldehyde-fixed (0. 15%) host splmocytes. 

Paraformaldehyde fixation prevents the release of and/or induction and sur&ce expression of 
costimulatory molecules on host APCs. Splenocytes were maintained for 3 or 4 dsys before 
overnight pulsing with tritiated tiiymidine. A cpm (cpm^erimental * PP™autologous response) 
are listed as mean values X 10*3. The% recovay is #responders remaining on the day listed 
10 divided by input ceU # x 1 00 %. 

day 3 day 4 

/yi vtYro treatment %TecQverv A cpm <;% contron % recovery A 9P"^ (% PQPtTOl) 

control 63 33.1 (100 %) 83 25.4 (100 %) 

15 hCTLA4Ig (50 fig/inl) 56 6.1 (18 %) 45 1 1.7 (46 %) 

paraformaldehyde 35 42 (13 %) 35 10.6 (42 %) 



A 3 day culture is prefi^rable to a 4 day culture, since tiie 3 day culture had a higher % 
20 recovery and a low^ % of the control donor anti-host proliferative response in tiie treated 
groups. The data demonstrate that the responder cells have bera induced into a state of 
hyporesponsiveness, since (even after adjusting for tiie difference in % recovery with the 
control group) tiie treated groups, as conipared to the control group, havea reduced 
proliferative req;Kmse to tile host Anti-4u>strespoiises in tiie treated groups izicreased on day 
25 4, suggesting that tiie firequency of donor anti-host responsive cdOis was lowered and a longer 
time was required for e9q)ansion as compared to controls. 

To determine if this d^jee of inhibition was sufitident for GVHD protection in vivo^ 
a 3 day MLR culture oflfae three groups was set up. At the end of the 3 days, tiie cells were 
extensively washed, resuspended and reinfused ^ x 1 0^ cells total) along with 25 x 1 0^ T 
30 cell-depleted bone marrow cells into BIOJBR recipients (if=8 mice/group). An aliquot of tiie 
donorcells was plated and pulsed with tritiated tiiymidine for IShours. Meanq)m± 1 
standard error of the mean (SEM) x 10"^ = 0.9 ± 0.1 for B6 autologous responses. 
Autologous cpms have been subtracted fiom the total q>m to generate the % control 
response. 



35 
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In vitro treatmgpt mean cpm (± 1 SFM\ o/o control response 

allogeiieic control 40.4 (0.7) 100 

hCTLA4Ig 13.1 (OS) 31 

0.15 % paiafoimaldehyde 7.7 (0.6) 17 



The actuarial survival plot for flieiedpi^^ jheiesults 
indicate that donor anti-host responses are reproducible for CTLA4Ig and paiafoimaldehyde- 
fixation groups. Despite the feet that an identical manher of 100 % viable cells were infused, 
recipients of either CTLA4Ig added to inadiated host APCs or parafoimaldehyde-fixed APCs 
had higher actuarial survival rates as compared to flie control incubated group (p= 0.056, 
0.057, respectively). The GVHD protective effect associated with a 69-83 % mhibition of 
donor anti-host responsiveness may have been minimized because the number of cultured 
splenocytes was so laxge ( 5 x 1 0^ ftesh q)lenocytes is an LD95 for this stram combination). 
However, fhe results clearly dranonstrate that in vitro donor cell functional manipulation 
without any T cell depleticm can reduce GVHD. It is important to empha^ that no ihvrva 
^nts were given, the T cell constituency was undianged in &e treated as compared to the 
contn>l incubated groiq), and an identical numbo: of viable c^ TheGVHD 
protective effect was entirely tiie result of functional donor T cell alterations prior to BMT. 

Experiment 1; 

In this experiment, phenotjrpic and functional studies were performed on B6 
splenocytes cultured in vitro witii allogcaieic cells. 

Phcmotvpic Anfllysif^ 

To determine vMck cells wwe preferentially expanding in vitro in tiie C57BL/6 anti- 
B103R systrai and what activation antigens were bdng induced, l"* ntuxed lymphoqrte 
reaction (MLR) cells wore washed, harvested and phenotyped. listed are tiie% positive 
ceUs. 

B7-1 IU2R CD69 CD28 CD3e c3m»b CDBe B7-1 IL-2R 

Qnm CP3^ CP3fi £D2e CD3e i2M £Qi Sm B220 B220 B220 

nocuhmie 39 3 3 2 39 20 7 14 58 3 3 
3 day MLR 58 9 12 12 58 21 14 16 57 15 14 



Primed responders had increased proportions of activated T ceDs, indicated by an 
increase in tiie percentage of CD3e+ cells that expressed the activation antigens IL-2Ra 
chain, B7-1, and CD69. B-cells were also activated and oqiressed B7-1 and IL-2R ^dicated 
by an inorease in tiie percentage ofB220^ cells e3q>ressingB7-l and n^2R). C3>4+Tcells 
were induced to express C3M5RB, an antig^ found on IL-2 secretii^ Th "memory" cells. 
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The proportion of CD4"^ and CD8*** T cells did not change* in contrast to the disproportionate 
increase in alloactivated CD8^ vs. €04^^ T cells in mice undergoing GVHD in vim. 

Functional Analysis 

S In fimctional studies, tiie induction of B6 anti-bml2-spedfic hypoiesponsiveness ^was 

evaluated in primary (1^ and secondary (2°) MLR cultures. 

Optimized 1 ^ MLR culture conditions ivere detennined to include: 1) T cell depletion 
of stimulator cells, which reduced background responses; 2) respondenstimulator ratios of 
1:1, 1:2, and 1:3 (8 x 10^ B6 responders^ + 8-24 x 10^ irradiated bml2 stimulators/ml) set- 

10 up in bulk culture [These conditions provide roughly equivalent proliferative responses, as 
measured by Aqpm determinations in a tritriated thymidine incorporation assay. The assay 
was performed by removing an aliquot at die end ofthe culture period, placing 1 x 10^or3x 
10^ cells into 96-weU plates, pulsing ovmiight and then harvesting. The proliferative 
response peaked on day 5 of culture (average cpm range fiom 283-37.2 xl(Pfi>r3xlO^ 

15 cells plated and 10.9 - 22 J x 10^ for 1 x 10^ cells plated) and declines on d^ 6 and 7]; and 
3) precursor fiequrades of B6 anti-bml2 cells proliferating in a 7 day limiting dilution assay 
(LDA) ranging fiom 1:1072 to 13696. 

To optimize ihe conditions for 2^ MLR cultures, several bulk MLR culture 
experiments were performed witibi B6 anti-bml2. Using a 1 :1 respondar:stimulator ratio 

20 (8x1 06 cells^ eadi added to 225 cm2 flasks), the days of 1 MLR ware varied (4-6 days), 
FicoU-^Hypaque density gradient centrifugation was performed after I*' culture to remove 
residual stimulators and non-viable cells and to ^irich for alloreactive populations (blast 
cells). Also, fte number of days of rest between I'' and 2*" MLR cultures was varied (1^^ 
days). These manipulations did not result in a decrease in high autologous responses. 

25 As a measuremolofaneigy induction in ntanipulatedl^ MLR cuto 

limiting dilution assay (LDA) analysis of B6 anti4nnl2 proliferating T cell fiequmdes was 
performed. Two groiqis were compared for l"" and 2'' MLR ciihuies. These groiq)s differed 
fiOly m the presence or absence of hCTLA4-Ig (SO fig/oil) added at the time of 1 ^ MUR. 
culture mitiation. Bulk cultures of respondors (B6 q^lenof^tes) and irradia^ 

30 depleted stimulators (B103R splenocytes) (1 :1 responden stimulator ratio; 5 x lO^/ml each 
in 225 cm^ flasks) were established according to conditions described in the Metiiodology 
section above. FoUowing 4 days of incubation, an aliquot of cells was removed fiom each 
flask, placed into a 96-well plate, and pulsed overnight with tritiated thymidine to measure 
proliferation (1"" MLR culture results). 

35 The remaining cells were cultured for 5 days, placed on a Ficoll-Hypaque gradient, 

washed 2 times, and counted to detenniiietiieoveraUyidd after processing tiie ^ MLR 
cultured cdls. These cells were tiien rested 2 days. Following tiie 2 days of rest (determined 
to be the optimal rest period), cells were washed and plated in limitmg dilution (5 x 1 0^ - 
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1^ X 102 at 3-fold dihitioDs) wi& inadiated ImU stimulators (5 x 105/well) or irradiated 
tiiiid party (BlOSRi U-l^ (5 x lOS/weU) stimulators. Wdls were supplemented wifli 10 
units^ diIL-2 (EIofBiian-LaEtodie). After 7 d^s of incubation, cells were pulsed widi 
tritiated dqnnidine to measure proli&radon (2° MLR culture results). 

The results of the 1 MLR and 2" MLR (LDA anatysis) are shown below: 



iOmLR ^20mLR- 



Group 

B6anti-faml2 
B6 anti-bml2 
+hCTLA4-Ig 



Aqnnl x 10-3 

f%redw?tio]i>l 
12.6 
03 (98%) 



%recpmy^ 
42% 
18% 



anti-hml23 
r%redncrintiU 

1/341 
1/1231 (72%) 



anti-B103R3 
r%reductiniiU 
1/335 
1/282(0%) 



Uq)m=q)mexperimeiital-<5»nbackground- Background responses were determined from cpm 
results using B6 req)ondas alone. The % reduction is calculated as compared to die B6 anti- 
bml2controI group. 

2% Recoveiy is calculated after 5 day MLR, Ecoll-Hypaque centrifugation and 2 washes. 
Cells had lugh visibility in bodi groups. 

^Data are expressed as ^mpsmcy of lesponding cells against the indicated stimulators. 
Ptobability calculations inficated Hbat the response fit a Poison (single-hit) distribution. 

From tfiis experiment, it can be concluded that the B6 anti-bml2 alloiesponse is 
highly susceptible to hCTLA4-Ig-mediated inhibition. The secondary MLR responses can be 
more readily quantified using IJ)A than re-establishing bulk cultures. Ahighd^reeof 
alloantigen-spedfic non-responsivmess in naive splenocytes has been achieved in the 1 
MUl bulk cultures as confinned by 2** MUl responses against 
stunulator. These results provide evidence that aHoantigai-specifichyporeqwna 
be obtained in fiesh splenocytes by in vitro CTLA4Ig treatment 

In ibis e)q)erimmt» a phenoly|»c analysis of GVHD target organs was p erfomed to 
evaluate the kinetics and type of tissue mflammatoiy response in BMT redpimts of fidly 
allogeneic BMS HosX have active GVHD. Samples of spleen and GVHD target organs (liver, 
colon, lung, and skm) were obtained fiom lethally irradiated B103R recipients of CSBL/6 T 
ceU depleted bone marrow plus supplemental splenocqrtes (25 x 1 0^ each) (as described in flie 
Methodology section above). Samples were obtained daily be^nnmg on day + 2 post-BMT 
and subjected to immunoperoxidase (avidin-biotin-peroxidase) stainmg with antibodies 
directed against CD3e, CD4, CDS, Mac^l, MHC class H, B7-1, B7-2, ICAM-1 and ICAM-2. 
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Lung and colon stained fiozen sections are sammarized jBrom tissues taken S days post-BMT. 
The maj or initial cellular influx in the hmg and colon peaked on day 5 and in the liver, on day 
9. Q>ntroIs contained only sparse ceUs positive for TceD or B7 antigen A 
summary of the results is listed below according to fte relative proportion of cells expressing 
5 eacb sur&ce antigen: high, moderate (mod), low or none (-). Recipients of TCD BMS have 
virtually no detectable cells expres^g CD3e, C3M, CDS, B7-1, or B7-2 and low numbers of 
Mac-I*^ and MHC class U*^ cdls. 



10 



Tissue £mg cm cm Mac-l MHCn BM ICAMI ICAM2 

lung high low high high high high low 

colon high low mod low low - high mod high 

liver mod low low high low - mod 

spleen high low 



From these studies, it can be concluded tiiat CDS*^ T cells are &e predominant 
inflanunatory cells present in the lung and colon early post-BMT. Also, B7-2 is induced to a 
high level in colon and liver by day 5 post-BMF* At this time, while B7-2 is also iqsregulated 
IS inthe lung, the predcmunant B7 antigen is B7-L The upregulation of B7 molecules could 
serve as a costimulatoryfigmid for T cell activation and expan^on. The co-esqxresdon of 
high densities of MHC dass U antigens in the lung (presumably on alveolar macrophages) 
could furttia: sanplify fte activation/expan^on process. ICAM-1 and ICAM-2 are 
iqir^^iated in tiie spleen of mice undergoiiig GVHD and, for ICAM-2, in the colon as well 

20 

In this e?q)»iment, &e e£fect of anti-B7-l and/or anti-B7-2 antibody treatment on the . 
development of GVHD was analyzed. 

For this experiment, 10^ CD4+ T cells obtained from lymph nodes of B6 Ly52 mice 
25 were injected into irradiated (600 Cs)bml2 recipient inice (day 0). Hie transplanted mice 
were fiiraier left untreated (PBS) or treated pi vivo with dther of the following regimens: 

hCTLA4Ig at 250 ^g at day -1 and 0 and tiien 1 00 ^g three times a weel^ 
anti-B7-l antibody at 250 ^g at day -1 and 0 and then 100 ^g three tunes a weel^ 
30 anti-B7-2 antibody at 250 pg at day -1 and 0 and then 1 00 ^g three times a week; and 

a combination of anti-B7-l and anti-B7-2 antibodies at 250 )ig at day -1 and 0 and 
then 100 \ig three times a week. 

Anti-B7-1 and anti-B7-2 monoclonal antibodies have been described, e.g., Freedman, 
A^. etal. (1987) J. ImmunoL 12S.3260 (anti«B7-l), Chen, C. et al. (1994)7. Immunol 152, 
35 2105 and Hathcock, K.S. et al (1993) Sciem:e 7£k 905 (anti-B7-2). 
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The percent survival of tbe mice having received the different regimens is represented 
in Figure 10. The results indicate that administration of eifter anti-B7-l or anti-B7-2 
antibodies alone prolonged survival of the mice. Moreover, administration of both anti-B7-l 
and anti-B7-2 antibodies together to fte transplant recipient mice completely protected die 
mice firom GVHD (Le., 100% survival of the animals was observe^. 

Thus, administiatiQn of either anti-B7-l or anti-B7-2 antibodies alone significantly 
inhibits develoimient of GVHD and, more prefoably, administration of a combination of 
bodi antibodies leads to long term piotecdon fix>m GVHD. 

In diis ^cample, the effect of anti-IL-12 or and-IFN-y antibocfy treatment on die 
development of GVHD was investigated. 

In this example, 1 0^ CD4+ T cells obtained fiom lymph nodes of B6 Ly5.2 mice were 
injected into hradiated (600 Cs) bml2 recipient mice (day 0). The transplanted mice were 
either left untreated (PBS) or were treated in vivo with one of the following regimens: 

anti-IL12 (C15.1 and C17.15) at 300 jig twice a week &om day -1 to day 21; 
anti-IFN-7 CR4-6A2) at 3 00 ^g twice a week fix>m d^ -1 to day 2 1 ; and 
anti-B7-l (IGIO J9) and anti-B7-2 (GL-1) at 250 jig on d^ -1 and 0 and ften at 100 
|ig three times a week until day 2L 

The pexceat survival of the mice transplanted and treated according to the above 
described protocol is shown in Figure 11. The results indicate diat 100% of the mice havmg 
received the anti-IFN-7 aatibody survived untfl at least day 26 following the injection of die 
alloreactive CD4+ T cells. Admhustration of a combination of an anti-B7-l and an anti-B7-2 
antibody to the mice also resulted in 1 00% survival of die mice (confirming the results of 
Example 8). Administration of anti-IL-12 antibodies was somevAat less efSdent flian the 
two previous treatments, but still resulted in protection of approximately 25% of die mice 
against GVHD. 

Experiment 10 

In the following example, the effect of administration of anti-CD2 in combination 
witti anti-CI>48» or anti-gp3 9 antibodies alone was exammed. 

10^ CD4+ T cells obtained firom lymph nodes of B6 Ly52 mice were h^ected into 
irradiated (600 Cs) bml2 recipient mice (day 0). The transplanted mice wm eitiier left 
untreated (PBS) or were treated with one of the following regimens: 

anti-CD2 and anti-CD48 antibodies at 300 \ig two times a week starting at day -1;. 
anti-^39 antibo^ at 200 ^g at days - 1 until day S and then at 200 pg twice a week; 
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anti-B7-l and anti-B7-2 antibodies at 250 at day -1 and 0 and tiien at 100 three 
timesawedc; 

hCTLA4Ig at 250 ^g at day -1 and 0 and then 100 \xg three times a week; • 
Rapamy cin at L5 mg/Kg at day -1 until day 1 3 and then three times a week; 
5 mlLlOatSOjigatday-l and(h, 

IL-12atl ^g at day 0; and 
IL-12at 1 ^g at day 0 and then 3 times a week. 

Anti-a)39 antibodies arc described, e.g., per Patent App^ WO 95/06666. 

The percent survival of die mice is shown m Figure 12. The combination of anti-CD2 
10 and anti-CD48 antibodies significantly protected mice againts GVHD (e.g., 75% of the mice 
were alive at least 70 days following mjection of the alloreactive T cells). Anti-gp39 
antibodies also i^longed survival of Ae mice (e.g., 62% of the mice v^&cc still alive at least 
70 following the injection). As observed previously, CTLA4Ig mice did not have a strong 
effect in protecting the mice against GVHD. 

15 

Experiment 11 

In this example tiie effect of an antibody against the adhedon molecule ICAM-2 in 
preventing GVHD was anafyzed. 

In this exmnple, T cell depleted bone manow, supplemented with spleen cells fiom 
20 BR mice, was injected into inadiated (900 TBI) B6mic^ as described ato The 

transplanted mice woe dither left untreated or treated with cme of the following rpgimens: 

anti-ICAM-2 antibody at 300 ^g twice a wedc from day -1 to day 28; 
anti-LFA-1 antibo(tyat300^gtw^ceaweekfi^omday-l today28;and 
25 anti-sp39 at 200 ^g at day - 1 until day 5 and then twice a week. 

In another experiment, the donor cells were first treated with an antibody reactive 
witii NK cells (NKLl) and farlbsst with conq)lranent to delete NK cells fix>m the donor cdls. 

The percent survival oftiie mice is shown in Figure 13. As previously described, 
treatment witii dther anti-LFA-l or anti-gp39 prolonged survival. While not as effective as 
30 these treatments, the anti-ICAM-2 antibody also resulted m prolonged survival indicating that 
anti-ICAM-2 treatment can inhibit tiie development of GVHD. 

Experiment 12 

This example shows the efifect of anti-IL-4 antibo<ty on T cell responses m a mixed 
35 lymphocyte reaction. 

To detemune whetiier IL-4 production could account, at least in part, for ihe anti- 
bml2 responses in B6 CE>4"^ T cells, an MLR culture was set up in tiie absra 
of a saturating concentration (50 ^g/ml) of purified anti-IL4 mAb (1 IBl 1). The MLRs were 
performed as described above with 1 x 1 0^ B6 CD4~^ lymph node cells/well along with 5 x 
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1 05 TCD, inadiated bml2 splenic stimulatars. Additional agents were also added to some 
MLRs for detenoming the efifect of these agents m preventing alloresponses. The agent 
amounts were k saturation [150ng/ml intact mAb, SO^g/mi for the other agents, except 20^ 
gAnlforHSA]. Triplicate wdls woe pulsed after 4,5 or 7 days. Day 5 was the day of peak 
prolifoative lespcmse and fheiefore is used for ilhistration. The results are presented below: 

— Noanti-IL^mAb anti-IL-4mAb 



Group 


total qwn 


%contm1 


totalqnn 


SkSOItE&l 


B6 anti-B6 


2,725 




6,190 




B6 anti-bml2 


328,007 


100 


150,640 


46 


+hCTLA4-Ig 


28,312 


9 


37,929 


12 


+aB7.1 


223,358 


68 


96,084 


29 


-hxB7-2 


128,439 


39 


59,285 


18 


+aB7-l+aB7-2 


21,164 


6 


51,811 


16 


+aCD28F(ab')2 


50,941 


16 


46,600 


14 


+HSA 


251,802 


77 


123,819 


38 


+aCD48 + aCD2 


146334 


45 


67,024 


20 



Ihe lesuhs indicate that IL4 protdn accounts for qipraximatefy 50% of tiie 
proliferative response in B6CD4+T cells responding to hml2alloantigens. Thus, blocking 
the effect of IL-4 ^gnificantly reduces alloresponses, mdicating Oat anti-IL-4 antibodies are 

likdy to be useful for inhibiting GVHD etdier alone or in combmatiQn with other agents. 

EOUTVAT.FKrrR 

Those skilled m the art wiU recognize, or be able to ascertam usmg no more dian 
routme eatperimoitation, many equivalents to fbs specific embodunents of Ae invention 
described herein. Such equivalents are intended to be encompassed by the following clauns. 
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CLAIMS 

1. A method for inhibhing a response by a T cell to an antigen, comprising contacting 
the TceU with: 

5 a) a jBrst agent which inhibits a costimulatoiy signal in fteTceU;^ 

b) a second agent ivhich inhibits adhesion of &e T cell to a cell which presents 
antigen to tihe T cell, 

&e jBrst and second agents thereto inhibiting ^ lei^nse by tiie T cell to tiie antigen. 

10 2. The method of claim l,\^ei^fte first agent inhibits an interaction between a 

recq)tor on the T cell and a costimulatoxy molecule on a cell presentmg antigen to the T cell. 

3 . The mefliod of claun 2, wherein the receptor on the T cell is CD28 . 

IS 4. The method ofclaim 2, wherein Ac receptor on the T cell is CTLA4. 

5. The method ofdahn 2, i^erein the costhnulatory molecule is B7-1 orB7-2. 

6. The meOiod of claim 2, vixmin the first agmt is a soluble form of CTLA4. 

20 

7. The method of claim 6, y/vbsxem the soluble form of CTLA4 is a human CTLA4- 
immunoglobulin fusion protdn. 

8. The mefliod of claim 2, herein the first agent is an anti-B7-l antibod[y, or fi:agment 
25 fteieo^ an anti-B7-2 antibody or fi:agment thereof or both an anti-B7-l antibody and an 

anti-B7-2 antibocfy, or fiagments tiiereo£ 

9. The method of claim 8, Mdierdn the anti-B7-l antibody is an anti4iuman B7-1 
monoclonal antibody and flie and-B7-2 antibody is an anti-human B7-2 monoclonal 

30 antibody. 

10. The me&od of claim 1, wherein the first agent acts intracellularly to inhibit generation 
of acostimulatory signal in the T celL 

35 1 L The method of claim 1, \^erein tiie second agent inhibits an interaction between an 
adhesion molecule on tibe T cell and a ligand for the adhesion molecule on a cell presenting 
antigen to AeT cell. 
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12. The method of claim 1 1, wha:em the adhesion molecule is selected from the group 
consisting of LFA-1, ICAM-1, ICAM-2, ICAM-3, CD49, VLA-1, VLA-2, VLA-3, VLA-4, 
VLA.5, VLA-6, CD29, CD43, CD48, VCAM-1, CD52, CD56, CD59, CD61, CD62P, 
LECAM-1, ELAM-1, CD44, C3)103, CD104 and Thy-1. 

5 

13. The me&od of claim 1 1» wherein &e second agent is an antibody, or fragment 
thereof which binds either ibt adhesion molecule on the T cell or the ligand for the adhesion 
molecule on the cell that presents antigen to the T cell. 

10 14. The method of claim 13, wh»:ein the second agent is an anti-LFA-1 antibo^, or 
fragment thosof 

15. The mefliod of claim 14, whraein flie anti-LFA-1 antibody is an anti-human LFA-1 
monoclonal antibody, or fragment thereof 

15 

16. The method of claim 13, wherein the second agent is an antibody selected from the 
Sxnxp consisting of anti-gp39, anti-ICAM-l, anti-ICAM-2, and anti-CD2 together with anti- 

ca>48. 

20 17. A me&od for inhibiting graft versus host disease in a bone marrow transpla^ 

recipient, compriang contacting a first population of cells comprising donor T cells in vitro 
with: 

a) a second population of cells which e^qiress redpiait alloantigens; 

b) a first agent which inhibits a costimulatory signal in the donor T cells; and 
25 c) a second agent which inhibits adhesion oftfae donor T cells to cdls which 

esqxress recipient alloantigens, 
the first and second agents thereby inhibiting a response by the donor T cells to the cells 
vMfix express redpient alloantigens such that, i^xm admmistration of the first population of 
cells to the bone marrow transplant recipient, graft versus host disease in the redpient is 
30 mhibited. 

18. 11^rnethodofclaiml7,v4iadntiiefi2stpqpdationofce^ 
consistirig of bone marrow cdls^ periphoal blood cells and splenocytes. 

35 19. The method ofdaim 17, wherein the first agent is a soluble form of (ni^ 

20. The method of claim 19, wherein tiie soluble form of CILA4 is a human CTLA4- 
immunoglobulin fiision protein. 
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21 . The method of claim 1 7, wherein the first agent is an anti-B7-l antibody, or fiagment 
thereof, an anti-B7-2 antibody, or fragment thereof, or both an anti-B7-l antibody and an 
anti'B7-2 antibody, or fragments thereof. 

5 22. The mediod of claim 21 , \^erein die anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti-human B7-2 monoclonal 
antibody. 

23. The method of claim 17, wherein die second agent is an anti-LFA-1 antibody^ or 
10 fragment thereof. 

24. The mediod of claim 23, wherein the anti-LFA-1 antibody is an anti-human LFA-1 
monoclonal antibody, or fragment thereof. 

IS 25. The mediod of claim 17, finther ccmiprising contacting the first population of cells 
witii die second population of cells in vitro in die absence of the first and second agents, prior 
to contacting die first population of cells widi the first and second agmts in vitro* 

26. The method of claim 1 7, fiirther comprisiiig administering die first population of cells 
20 to the reci(ri^iL 

27. Hie method of claim 17, frirfher comprising administering the first agent to die 
recipient, the second agent to the recipient or bodi the first and die second agents to die 
recipient 

25 

28. A mediod for inhibiting graft va:sus host disease in a donor bone n 
cell transplant redpient, comprising administering to the recqnent: 

a) a first agent which inhibits a costianiilatary signal in die donor T cell; and 

b) a second Bgcnt which inhibits adl^cm of die donor T cell to a cell jnresentmg 
30 antigen to die T cell. 

29. The mediod of claim 28, wherem the first agoit is a human CTLA4-immunoglobulin 
fiii^onprotdn. 

35 30. The mediod of claim 28, wherein the first agent is an anti-B7-l antibody, or firagment 
diereof; an anti-B7-2 antibody, or firagmoit thereof, or both an anti-B7-l antibody and an 
anti-B7-2 antibody, or firagments thereof 
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31. The method of claim 30, wherein the anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti4iuman B7-2 monoclonal 
antibody. 

5 32. The mediodofclaim 28, wherein the second agent is an anti-hmnanLFA-1 
monoclonal antibo^, or fragment thereof. 

33. The method of claim 28, \idierdn Ihe second agent is an antibo^ selected fiom the 
g^up consisting of anti-gp39, anti-ICAM-1, anti-ICAM-2, and anti-CD2 togeOi^ with anti- 

10 CD48. 

34. The method of claim 28, further comprising administering donor bone marrow and 
donor T ceUs to the recipient 

IS 35. A method for inhibiting rejection of donor allogeneic cells by a recipient of the donor 
allogei^c cells, comprising administering to the recipient: 

a) a first agent vdiidi inhibits gmeradon of a costimulatory signal in a redpient 
Tcell;and 

b) a second ^ent which mhibits adhesicm of a recipient T cell to a cell presenting 
20 antigen to the TcelL 

36. The method of claim 35, wherein the first agent is a soluble form of CTLA4. 

37. The mediod of claim 36, vrfiereintiie soluble form of CTLA4 is ahuman CTLA4- 
25 immunoglobulin fusion protein. 

38. The m^od of daim 35, wherein the first agent is an anti-B7*l antibody, or fragment 
thereof an anti-B7-2 antibo^, or fingment thereof or both an anti-B7-l antibocfy 
anti-B7-2 antibo^, or fiagments thereof. 

30 

39. The mediod of daim 38, wherdn the anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti-human B7-2 monodonal 
antibody. 

35 40. The mediod of daun 35, wherem the second agoit is an anti-LFA-1 antibody, or 
fiagmenttiiereof. 

41 . The mediod of claim 40, \^4ierein the anti-LFA-1 antibody is an anti^uman LFA-1 
monoclraal antibody, or fragment tiiereof. 
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42. The method of claim 35^ wherein the second agent is an antibody selected fix>m tiie 
group consistmg of anti-gp39, anti-ICAM-U anti-ICAM-2, and anti-CD2 together vnih anti- 
CD48. 

5 

43. The method of claim 35, iiirth^ compridng admmistering allogeneic cells to the 
recipient. 

44. The method of claim 35, iurther comprising preadministering donor hematopoietic 
10 cells to the recipient prior to transplantation of the donor allogenic cdls to thereby prime 

recipient T cells to donor alloantigens. 

45. The method of claim 35, wherein the donor allogeneic cells comprise a tissue or 
organ. 

15 

46. Hie method of daim 45, wherein tiie tissue or organ comprises liver, kidney, heart, 
lung, pancreatic islets, intestine, colon, or skiiL 

47. The method of claim 35, fiirflier comprising contacting the donor allogenic cells with 
20 fbs first and seond agents in intra prior to adrmnistration of the first and second agents to the 

recdpienL 

48 . A method for inhibiting a response by a T cell to an antigen, comprising contacting 
tiieT cell with: 

25 a) a first agent whidi iiihihits a costimulatory signal in the T cell; and 

b) a second agent which inhibits a proliferative signal m the T cell, 
the first arid second i^ents thereby iiihibiting tiie ies]K>rise by tiie T ceU 

49. The method of claim 48, vfbmm the first agmt inhibits an mteraction between a 
30 receptor on the T cell a costimulatory molecule on a cell presenting antigoi to the T cell. 

50. The method of claim 49, wherein the receptor on the T cell is CD28. 

51. The method of claim 49, wherein the receptor on tiie T cell is CTLA4. 

35 

52. The method of clahn 49, wherem tiie costimulatory molecule is B7-1 or B7-2. 



53 . The method of claim 49, vtdierein tiie first agent is a soluble form of CTLA4. 
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54. The mediod of daim 53, v/bemn the soluble form of CTLA4 is a human CTLA4- 
immunoglobalin fiision protdn. 

55. The method of claim 49, wheran the first agent is an anti-B7-l antibocfy, or fiagment 
5 thoeof, an anti-B7-2 antibody, or fiagment thaeof, or both an anti-B7-l antibody and an 

anti-B7-2 antibody, or fi»gments1hMeof. ; 

56. The method of claim 55, whwein the anti-B7-l antibo(fy is an anti4iuman B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti-human B7-2 monoclonal 

10 antibody. 

57. The method of claim 49, whorein the first agent acts intiacellularly to inhibit 
genoation of a costimulatoiy signal in the T cell. 

15 58. The method ofclaim 49, whraem the second ag©QtinMbits an interacti^ 
receptor on fiie T cell and T cell growdi &ctar. 

59. The method of claim 58, wherem the T cell growfli fector is selected fiom flie group 
consisting of mterieuldn-la, interieukm-ip, intffl:leukin-2, interieukin-4, interleukinr6, 

20 interleukin-7, interleuldnr9, interleukm-lO, intrarleukin-12, iuterieukin-15, interieuldn-T, and 
interferonrgamma. 

60. The method of claim 58, wh^in the second agent is an antibody ivhich binds either 
to the receptor on tfie T cell or to the T cell growth factor. 

25 

61. The ntkethod of claim 60, wherein flie second agmt is an anti-intedeukin-2 receptor 
antibody, or fragment tiiereof 

62. The mediod of claim 49, i^erdn Ibe second agent acts intracellulariy to inhibit 
30 generation of a proliferative signal in the T cell. 

63 . A method for inhibiting graft versus host disease in a bone marrow transplant 
recipient, compri^ contacting a first population of cells compri^g donor T cells in vitro 
with: 

35 a) a second population of cells which e)q)ressredpientalloantigeos; 

b) a first agent which inhibits a costimul atory signal in the donor T cells; and 

c) a second agent which inhibits aproliferative signal in the donor T cells, 
the first and second agents tiiereby inhibiting a response by tiie donor T cells to the cells 
^cih express recipient alloantigras, sudi that upon administration of the fiocst population of 
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cells to ihe bone marrow tzaosplant recipient, graft versus host disease in the recipient is 
inhibited. 

64. The mebod of claim 63» wherein tfie first population of cells is selected £rom a group 
5 consisting of bone manow cells, peripheral blood cells and splenocytes. 

65. Ihe me&od of claim 63, wherein the first agait is a human CTLA4-immunoglobulin 
fusion protein. 

10 66, The me&od of claim 63, wherein the first agent is an anti-B7-l antibody, or firagment 
thereof, an anti-'B7-2 antibody, or fragment diereof, or both an anti-B7-l antibody and an 
anti-B7-2 antibody, or fisgments thereof 

67. The method of claim 66, wherein the anti-B7-l antibody is an anti-hinnan B7-1 
15 monoclonal antibody and ihe anti-B7-2 antibody is an anti-human B7-2 monoclonal 
antibocfy. 



68. The mediod of claim 63, wfaerdn the second agent is an anti-interleukiii-2 receptor 
antibo^, or firagm^ thereof 

20 

69. The method of claim 63, fiirther comprising contacting the first population of cells 
with the second population of cells in vitro in the absence of the first and second agents, prior 
to contacting the first population of cells widi the first and second agents in vitro. ' 



25 70* The mettiodofclaim 64, fiirther comprismgadiiiiiiistaing the fir^ 
to fte leciplenL 

71. The riielhodofdaim 63, furttier comprising adnunistomg the first age^ 
redpient, tiie second agent to the ledpicait, or bofli fiie first and the second agents to the 
30 redpient 



72. A pharmaceutical composition suitable for administration comprising an amount of a 
human CTLA4-immunoglobulin fiision protein and an amount of an anfi-human LFA-1 
antibody in a pharmaceutically acceptable carrier. 

35 
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73. A phannaceutical composition suitable for administration comprising 

a) an amoimt of a first agoit selected &om the group consisting of an anti-human 
B7-1 monoclonal antibody, or firagm^ thereof^ an anti-human B7-2 monoclonal antibody, or 
fiagment thereof or botii an anti-human B7-1 monoclonal antibody and an anti-human B7-2 

S monoclonal antibody, or fiagments tiieieof, and 

b) an amount of an anti-human LFA-1 antibody, 
in a phannacratically acceptable canior. 

74. A pharmac^itical composition suitable for administration comprising an amount of a 
1 0 human CTLA4-immunoglobuIin fusion protein and an anti-human interleuldn-2 receptor 

antibody in a pharmaceutically accq[)table carrier. 

75. A pharmaceutical composition suitable for administration comprising 

a) an amount of a first agent elected fi:om the group consisting of an anti-human 
IS B7-1 monoclonal antibody, or firagm^t tiiereof, an anti-human B7-2 monoclonal antibody, or 

fiagment thereof or botii an anti-human B7-1 monoclonal antibody and an anti-human B7-2 
monoclonal human, or fiagments tiia:eof; and 

b) an amount of an anti4iuman int^leukin-2 receptor antibody, 
in a pharmacratically acceptable cani^. 

20 

76. A method fi>r inhibiting graft versus host disease in a donor bone marrow and donor T 
cell transplant recqnent, comprising administering to tiie recipient at least one agent which 
inhibits a costimulatory signal in the donor T cell. 



25 77. The method of claim 76, wfaa:ein tiie at least one agent is a combination of anti-B7-l 
and anti-B7-2 antibocfy. 
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